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Heatroduncimng, 
a New Design Specdtrum of 


low Profile Relays. 








Engineering excellence, a tradition at Magnecraft, \ 
is reflected in our new printed circuit relays. 
Three low cost classes are available in stock 
with performance specifications including 
absolute reliability, long mechanical life, 
and a wide choice of contact configurations 
and switching capabilities. 


Packaging flexibility includes, a 
truly low profile dust proof design, 
with a minimum height above 
the P.C. board, and a vertically 
mounted space saving 
version. The relays 
feature industry 
standard .1 inch 
grid spacing for ter- 
minals, and high 
density center to center 
board spacing. Contact 
arrangements include SPDT, 
DPDT, 4PDT, and 6PDT 
rated from 1 to 8 amps. Bifur- 
cated contacts are optional oncer- 
tain configurations. 


_ These compact relays are particularly 
suited for communication behest ioe co 
































LOW PROFILE — 
RELAY BROCHURE 





JANUARY 5, 1975 
VOLUME 20, NUMBER 1 









Rotary switches ...... 18 





Pulse analyzer fee OO) 


COVER 


What you see is what you 
get — and how you get it. 
With Interdesign’s Mono- 
chip, a designer can quick- 
ly and quite inexpensively 
translate his circuit into a 
custom. IC... Art Director 
Dan Kicilinski created this 
cover from the winning en- 
try in the Monochip con- 
test. (See pg. 33.) 
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The Great Tufted Single Sided Strain Relief Conductor. 


(Very rare. Only 400 in existence.) 


To an ornithologist, maybe single sided strain relief conductors aren’t much of a 
turn on. But if you’re an engineer wrestling with a next to impossible design problem 
involving limited space, circuitry needs on several planes, and low volume 
restrictions, then single sided strain relief conductors are not for the birds—they 
may be your answer. 

Flexcircuits, like the small volume one you see here (we built only 400), get K 
the same Sheldahl engineering attention, 100% quality control and on-time delivery 
as high volume orders. We don’t think our customers come in different sizes. 

They come with different needs. 

For short runs of flexcircuits we offer the same capabilities as for high volume 
production: single or double-sided circuits, plated through holes, reflow coated circuits, 
solder-plated conductors, solder-fused pads, film or epoxy covered coated circuits, 
back bared pads and flexcircuit/hardboard hybrids. 

So whether it’s a new product, design change, or a prototype to help start an idea 
toward reality, consider flexcircuit technology 
and quality. It’s been the answer for many 
companies—large and small—and could be just 


the answer you’ve been looking for. . 
Call Sheldahl and find out. g Sheldahi 


(Flexcircuit watcher? To get an 11x14 cloktical Diane Be 
reprint of the above bird, suitable for Northfield. -Minnesota $5057 
framing, just write on your letterhead.) Phone: (507) 645-5633 

For more information, Circle No. 16 
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Hi. ’'m fine. How are you? of copy. Ask a noisy impact 
Look how well iu make printer to do all these 
numbers, FP sui things. Ha. 
That’s my name. I'd like to get into your 
Now watch how [make a equipment and make it worth 
oo = more money. And cost less. ’'m 
See? It doesn’t look like an quiet. I have complete drive 
_ “8.” That's because I have a electronics. And ’m MOS 


5x5 dot matrix. compatible. 

I'm not even 1 afraid of big Tl come visit you if you 

words. ERRDLOM TE = write a note to my master. Or I'll 
I can peat any of the 64 have him send you free specs and 

ASCII characters. Numbers. hterature. 

Letters. With up to 18 columns MCE TRLETRS TE YT 


mn DOVWInar 


Bowmar Instrument Corporation e Commercial Products Department 
8000 Bluffton Road ¢ Fort Wayne, Indiana * 219/747-3121 ¢ TWX 810-332-1510 


For more information, Circle No. 53 














Leave it to our guys. They know you need 
a variety of space-stretchers to make your 
circuit-board packaging easier. And that’s why 
these DIP experts also make Beckman 
RESNET™ standard SIP networks in 30 pop- 
ular varieties. | 
These thick-film, cermet SIPs (.780” wide, 
300” high, .090” thick) are standard 8-pin 
types, dimensionally uniform and ideal for 
automatic insertion techniques. Laser-tailor- 
ing assures precise resistance values, and 
every part is 100% tested. 
Two convenient networks (see schematics) 


MODEL 784-3 


Iccocooc ipscwcer 


MODEL 784 =1 


Our DIP crew makes great 
SIP resistor networks, too. 











give you a 7-resistor model for applications 
like pull-up or pull-down networks, and a 4- 
resistor model for such typical uses as line 
termination and LED current limiting. 

Resistance values available in both versions 
are 100, 150, 220, 330, 470, 680, 1K, 1.5K, 2.2K, 
3.3K, 4.7K, 10K, 15K, and 22K. 3 

And now for more good news. They’e all 
stocked locally by your Beckman/Helipot dis- 
tributor, ready for immediate delivery. 

Cost? Truly competitive, actually giving 
you cermet quality at plastic prices. 

Why wait? Let the new Beckman SIP line 
start making things a lot easier for you. For 
immediate literature or the phone number of 
your Beckman/Helipot ; 
representative, call 


ood 2) 


Right now. HELIPOT DIVISION 


For more information, Circle No. 17 


EDN JANUARY 5, 1975 














EDITORIAL 





How’s business? 


That seems to be the popular question nowadays. The sorry 
state-of-the-economy is thrust upon us continuously through 
newspapers, radio and TV. This, coupled with layoffs and produc- 
tion cutbacks, has most of us wondering, ‘‘Just what are business 
prospects in 1975 and beyond?” 

_There’s no question that the business cycle is in a downturn and 
that we are in a recession. Even our government has finally 
recognized that. But this shouldn’t have surprised anyone, for our 
most leading indicators predicted the downturn as far back as 1971. 

However, there is light at the end of the tunnel. These same 
leading indicators have already turned around and are on their way 
back up. How does that translate to business prospects in 1975? 

Most companies in our business have experienced a dip—some 
more than others. And the low point is probably still’a few months 
off. After that, recovery will be slow—taking until about mid-1976 to 
reach December 1973 peaks. All-in-all, 1975 should average about 
the same as 1974 with one difference—the best of the year will come 
in the last half as opposed to 1974 when the first half was best. 

As designers, your tasks and design goals will change somewhat. 
With the oil embargo, people have become energy-conscious; and 
with high inflation they have become more cost conscious. Thus, 
demands on your designs will be such that they must last longer, be 
repaired more easily and must consume less power. 

So how’s business? Not great—not even good! How are prospects 
for 19752 Not great—but encouraging! 


Editor 

















Here are 10 more good reasons 


to turn to Amperex... 





These ten bring our total...so far...to 23 high- 
performance, small-signal RF transistors with gain- 
bandwidth products from 1 to 6 GHz... covering the 
operating current range from 100 A to 150 mA. There’s 
an Amperex GHz transistor to fill virtually any small- 
signal application up to 2 GHz... CATV/MATV 
amplifiers, portable pagers and transceivers, high 
bit-rate communications equipment, frequency counters 
and high frequency oscilloscopes, to name but a few. 
World leadership in shallow diffusion technology 
and unsurpassed packaging skills come together 
at Amperex to produce the industry’s best 
combination of GHz transistor specifications, 
packages and prices. 


® Gain-bandwidth products from 1 to 6 GHz at collector 
currents from 100 uA to 150 mA 

@ Noise figures as low as 1.9 dB at 500 MHz 

@ Low intermodulation and cross-modulation distortion 
types for wide band and other sophisticated linear 
applications 

@ Package-Versatility: plastic Micro-T, ceramic Micro-T, 
Stud-mounted stripline and JEDEC TO39 
and TO72 metal cans 

@ An entire line priced so low that only two of the 23 
devices cost more than $3.95 in quantities of 1,000... 
and most are priced between $2.00 and $3.00 


For further information on the Amperex line of high- 
performance,GHz-range transistors, write Amperex 
Electronic Corp ., Solid State and Active Devices Div., 
Slatersville, R. |.,02876, or phone (401) 762-9000. 


for 2GHz to 6 GHz transistors. 










BFR91 


A GHz Transistor-Line Sampler 


TYPE CASE f,- “@ “ie 
NUMBER STYLE (GHz) — (mA) 
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*In 1000 piece quantities 
TAlso available as type BFR49 in special high-reliability 
ceramic stripline package. Price each: $15.25 


Amperex 


TOMORROW'S THINKING IN TODAY’S PRODUCTS 


Sold through 
North American Philips Electronic Component Corporation 


For more information, Circle No. 18 
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Vice President and : 
Group Publisher Ribbon Cable / IC Interconnects / Custom Harnesses 


Hugh R. Roome 
Youre sold on flat cable, now buy it at its best. 
Precise, compact cable packages to fit your specifi- 
cations perfectly, computer-loomed for unmatched 
versatility by Woven Electronics. 
Handling ease of independent non-bonded leads 
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Reprints of EDN articles are available 
on a custom printing basis, at reason- 
able prices in quantities of 500 or 
more. For an exact quote, contact Art 
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For more information, Circle No. 19 





SO rrreeme REIT 


Get the high reliability that eliminates 
trouble. RN DIP sockets make contact with 
the wide, flat sides of your IC leads. This 


provides 100% greater surface contact 
for positive electrical connection. 























JIP SOCKETS 


Robinson Nugent “side-wipe’ 
DIP sockets make 100% greater 
contact than any edge-bearing 
socket on the market. 
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They re even packaged 
for high reliability. 


‘“Protecto-pak”’® pack- 
aging delivers consistently 
perfect RN sockets to your 
production line — for auto- 
mated or manual assembly. 


This 100% greater contact with the wide, flat 
surface of your IC leads is your guarantee of 
unmatched reliability. This RN “side-wipe”’ 
contact provides constant low contact resist- wT. ff 
ance. No edge-bearing contact can possibly 
deliver this long term dependability. This ie . i, SS ye 
designed-in reliability of RN DIP sockets is your cara pee Fee 
assurance of trouble-free IC interconnects — 
yet they cost no more than ordinary sockets. 
Put an end to troublesome junk sockets! 
Write today for catalog and informative book 
“What to Look for in IC Interconnects.’ It’s 
free from RN—the people who make more 
kinds of high reliability IC sockets than anyone. 








MOIS S Of 
MOGDGERMT, (MG: 


800 East Eighth Streete NewAlbany, Indiana 47150 e Phone: (812) 945-0211 
For more information, Circle No. 20 








No other micromotor on the mar- 
ket today offers the high reliability 
and optimum peo anee effi- 
ciency of an escap® miniature dc _ 
servomotor. We earned our repu- 
tation by building a quality line of 
motors that not only” deliver 
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Introduction and avail- 
ability of the MC14435 
McMOS* low power 
CMOS A/D logic subsys- 
tem completes a Moto- 
rola team that should stay on top for a long, long run. 
Paired with the MC1405L analog dual ramp A/D subsys- 
tem, the MC14435 creates the greatest two-piece 3!/. digit 
A/D converter system for panel meters and DVMs... and 
for equipment from bathroom scales to scuba gear. The 
MC14435VP is $11.31 in 100-999 quantities. Certainly 
modest. 

The MC14435 is beautiful because of its low power 
dissipation, because it includes an on-chip clock, because 
it offers tremendous variety in selection of the single 
power supply, for a number of other reasons, but most 
of all because it interfaces directly in both directions. 
It interfaces directly with the linear subsystem at the in- 
put and directly with the CMOS, TTL or HTL at the output. 

For its part, the MC1405 contributes no less. It too is a 
power miser, operates on a single power supply, and 





CMOS 2. LINEAR 


ina great new two-piece 31/2 digit A/D system 


interfaces directly with 
the CMOS logic section. 
The linear subsystem 
includes an on-chip volt- 
age reference, and it 
operates with outstanding accuracy. Its 100-999 price is 
$5.95. Also modest. 

Together, the MC14435 and the MC1405L team up in a 
self-contained system which operates on a single supply 
of 5 to 15 volts, which includes internal voltage reference 
and system clock, with an input which needs no auto 
zero, which interfaces readout directly, which provides 
pin-out for over range indication, and which maintains 
the very best accuracy even with temperature variation. 
Not only that, it dissipates the least power, is simplest to 
build, and is the least expensive to buy, by far. The two- 
piece set is only $17.26 (100-999 pieces). 

Technical information on this great new team is avail- 
able from its creators. Write to Motorola Semiconductor 
Products Inc., P.O. Box 20912, Phoenix, AZ 85036, or circle 
the reader service number if you prefer. 


MOTOROLA 


complementary MOS for contemporary systems 


*McMOS is a trademark of Motorola Inc. 


For more information, Circle No. 22 
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DESIGN NEWS 





The digital “talkies” are coming— 
a new class of readouts 


Erwin Vodovoz, West Coast Editor 


An outgrowth of test equipment 
designed for the telephone 
companies has just been de- 
livered to a blind engineer. 
Called DENA (Digital Electronic 
Number Announcer), this device 
converts an electrical BCD signal 
to a voice output (Fig. 1). What 
makes the system unique is the 
quality of the voice output, and 
the techniques used to perform 
this feat. 


ROM’s to the rescue 


ROM’s are the key to this 
system’s high quality perfor- 


Fig. 1—Talking voltmeter is only one 
possible use of DENA. Other immediate 
applications of DENA’s relatives include 
telephone test systems, radio paging 
systems, and verification of data entry. 


mance. Starting with a tape 
recording of a word, Master 
Specialties Co. of Costa Mesa, 
CA, performs an analysis and 
digitization using a computer. 
This results in a 64k-bit repre- 
sentation of the word. A 
proprietary process then re- 
duces the size of the word to 16k 
bits. From that 16k-bit word, a 
paper tape is made that results in 
a ROM. 
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The system’s uniqueness lies 
in the fact that words are not 
formed by combining sounds, 
nor is a tape recorder used. 
Instead, a whole word is stored 
on one ROM. The resulting 
synthesized voice makes distinc- 
tion from the original voice 
difficult. 

Any word that can be spoken 
in half a second can be put into 
one ROM. Longer words require 
two ROM’s. In DENA, 10 ROM’s 
are used for zero through nine. 
Additionally, a tone that pre- 
cedes the number indicates a 
negative value, while no tone 
exists for a positive one. Decimal 
points use a second tone an 
octave higher than the negative 
sign tone. 


Talk to me, machine 


Putting it all together results in 
the configuration of Fig. 2. This 


POWER 
SUPPLY 


COUNTER f 


& 
CLOCKS 


Fig. 2—“Recording” of a whole word on a single ROM chip is the key to DENA’s 





first machine works with a 3-1/2- 
digit panel meter from Weston. 
DENA’s front end logic accepts 
parallel BCD in an 8421 format, 
selects the proper ROM (word) 
serially, and inserts the decimal 
point where required. 

Two operating modes are 
available. Continuous operation 
presents data in a rapid stream 
when it is received. In a second 
mode, DENA constantly updates 
its data, but ‘‘speaks’’ only on 
demand. 


Monitoring the transmitter 


Intended use of the first DENA 
system is to monitor various 
operating parameters of a radio 
Station. Mr. Paul Stebbins of 
Evanston, IL, a blind engineer, 
has been working with Master 
Specialties for three years to 
develop this system. Mr. Steb- 


ROM | 
(WORD) f 
MATRIX # 


TONE 
CIRCUIT 


impressive performance. As this block diagram shows, system is fairly simple. 


EDN JANUARY 5,.17975 


bins is now performing his initial 






er 


test of DENA. Upon completion 
of the test, DENA will be mated 
with a Weston meter located ina 
panel with the function selector 
switches. Selecting the proper 
button will provide a ‘speak 
out” of plate voltage, plate 
current, screen grid voltage or 
antenna RF current. 

Since, basically, DENA is a 
3-1/2-digit, TTL-compatible ma- 
chine that accepts a binary 
address, any instrument with 
such an output could be 
coupled to produce a voice 
output. For instance, in the 
future, Mr. Stebbins plans to 
couple DENA to additional 
devices such as a frequency 
counter or RF generator. 


The ultimate ‘“readout’’? 


Not likely, but think about the 
possibilities. Ever worked on a 
pc board with closely spaced 
parts? You put the test probes 
on the desired test point. Then, 
when you look up at the DVM, 
you get a Strange reading. Why? 
because when you looked up, 
your probes slipped off the test 
point or shorted out something. 
Another problem arises when 
you use a digital display in 
sunlight. It’s often very difficult 
to read. A vocal output provides 
a convenient solution for these 
difficulties. 


A talking HP-35? Why not? 

The next step in MSC’s talking 
devices is a talking calculator, 
due to be completed in early 
1975. The government will fund 





Fig. 3—Digital readouts, being hard to read in direct sunlight or under high ambient 
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lighting, sometimes cause errors. But when the instrument tells you the reading, 


mistakes are minimized. 


these calculators since they are 
interested in helping the blind 
with math, an especially difficult 
subject for the sightless. Eventu- 
ally, MSC hopes to produce a 
machine comparable to the 
HP-35. 

Human engineering is being 
performed to determine the best 
design for the blind. At present, 
it appears that a 20-key keyboard 
will be used. Each key will have 
several functions, so all the 
‘‘scientific’’ computations can be 
performed. 

The calculator will also require 
expansionof the ROM vocabular- 
y. Words such as “log,” “sine,”’ 
“cosine,” “positive,” ‘‘negative”’ 
and ‘‘square” are needed. Since 


ISSCC ’75 highlights semiconductor 
technology’s global frontiers 


A particularly topical program 
will be presented at the 1975 IEEE 
International Solid-State Circuits 
Conference, in Philadelphia, PA, 
February 12-14. Over 70 exclu- 
sive papers prepared by more 
than 170 authors from over 50 


US/overseas Companies, univer- 


sities and government agencies 
will be highlighted. 


During the day... 


The meeting, to be held at the 
Marriott Motor Hotel, will dis- 


the generation of each word is 
an engineering task, it is 
expensive to increase the vo- 
cabulary. Therefore, new words 
are examined closely to see if a 
different one can be used, a 
word that would have multiple 
applications. When ‘positive’ 
and ‘‘negative’’ are added to the 
vocabulary, they will be added 
to DENA. 

Immediate applications exist 
for other members of these 
voice synthesizers. Automatic 
radio paging systems, aircraft 
warning systems, medical sys- 
tems and data verification in 
communication systems are just 
a sample of the possibilities. O 


cuss such timely subjects as LSI, 
optoelectronics, A/D-D/A tech- 
niques, active microwave diode 
circuits, microwave FET’s, com- 
puter aids for IC design and 
testing, memory, high-speed 
and solid-state logic advance- 
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Sprague Delivers! 


YOU DONT 


HAVE TO TAKE 
A SUBSTITUTE. 








CAPACITOR: 


Sora 
The 


Miniature Polyester F ilm Capacitor. 


ague's Type 192P Pacer’®.. 


Dependable Low-Cost 


THE DELIVERY CYCLE: 


Large Production Quantities 

4 — 8 Weeks ARO on All Popular 
Ratings. Off-the-Shelf Delivery from 
your Sprague Industrial Distributor. 


THE CATCH: 


THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
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None. 
Sprague Delivers Film Capacitors. 


Call your nearest Sprague district office or 
sales representative for complete information. 


Sprague Electric Company, 
North Adams, Mass. 01247 


Tel. 413/664-4411 


For more information, Circle No. 23 





SPRAGUE 





THE MARK OF RELIABILITY 


ments, sampled-data analog sig- 
nal processing, and analog 
circuit techniques. 

Also featured are an invited 
session on technology frontiers; 
a keynote address by A. P. 
Speiser, director of research and 
development at Brown Boveri in 
Switzerland; and the annual 
ISSCC “‘best paper’’ award 
ceremony. 


...and into the evening. 


More than 65 panelists from 
the US, Europe and the Far East 
will participate in the ever- 
popular evening sessions. Cov- 
ered will be such controversial 
areas as submicron technology, 
4k RAM directions, logic imple- 
mentation for custom vs. micro 
vs. macro designs, low-noise 
microwave devices and circuits, 
microprocessor architecture, 
CCD memories, LSI testing, data 
acquisition and conversion cir- 
cuits, and _ oscillator/amplifier 
devices. 
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trimmer 


World’s largest magnet coil built 
for highest resolution spectrometer 











ic 


Over one-half mile (8 tons) of special hollow extruded copper conductor comprises 
the giant magnet coil for 168-in. spectrometer presently under construction at 
| Stanford University. This is the first of two coil sections built by Elma Engineering, 


Palo Alto, CA. 


Stanford University’s High Ener- 
gy Physics Laboratory recently 
received the largest magnet coil 
ever built. Designed and pro- 
duced by Elma Engineering of 
Palo Alto, CA, the coil forms an 
integral part of a 2000-ton 
spectrometer assembly present- 
ly under construction. When 
completed, scientists will use 
the assembly for basic research 
in elementary particle physics. 


Vacuum encapsulated 

Building the 44-turn coil 
required slightly over one half of 
a mile (2685 ft., to be exact) or 
eight tons of copper conductor. 
The extruded 1.0x0.8-in. con- 
ductor features a 0.46-in. dia. 
cooling passage. 

A prime requirement is that 
the coil be able to withstand 
high radiation environments, yet 
provide long maintenance-free 
operation. To achieve this, Elma 


and formulation for vacuum 
encapsulation. 


20x better resolution 


Within the next two years, 
installation of the entire 168-in. 
spectrometer should be com- 
pleted. When operational, it will 
enable Stanford researchers to 
probe deeper than ever before 
possible into the structure of 
nuclear matter. 

For instance, the spectrometer 
will provide angle measuring 
properties of 0.005°—about 20 
times greater than existing 
machines. Similarly, its energy 
measuring resolution of 1 in 
10,000 is better than present 
equipment by an order of 
magnitude. 

Achieving this performance 
will require 3.5 MW of power 
plus 437 gal./min. of water to 
cool the giant coil’s copper 


developed a special technique , conductors.— WP 





These ceramic trimmer capacitors 
are designed for broadband appli- 
cation, from audio to 500 MHz 
and afford an ideal low cost means 
of “trimming”’’ circuitry such as 
crystal oscillators, CATV ampli- 
fiers and all varieties of communi- 
cation and test equipment. 


FEATURES 


« Capacitance values from 
1-3 to 5—25 pf 

« Low profile —.208 above board 
height 


« Low cost — 
75c in 1000 quantities 


¢ Delivery from stock 


For more information, Circle No. 24 


MANUFACTURING CORPORATION 


BOONTON, NEW JERSEY 07005 
201 / 334-2676 
TWX 710-987-8367 





We couldn't have saic 
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MICROAMPERES 
o.C. 





“Standing out among the industry giants—in both 
analogs and digitals—is Weston, a company that pioneered 
many of the advances in APMs. From optical indicators, 
to p &j's, to taut band; and from commercial to aerospace, 
you'll find it at Weston. 


For more information, Circle No. 25 
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Designer’s Guide to: 


Rotary switches 
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Kecent developments in rotary switches pose two interesting questions: 
Is the switch part of the circuit board, or is it the other way around? 


Bernard J. Golbeck, Oak Industries Inc. 


Rotary switches have been with us fora long time, 
but new versions are being developed that may 
have significant impact on pc-board and circuit 
designs of the future. The trend toward minia- 
turization, and the fact that some switching 
functions now can be handled by solid-state 
devices, are largely responsible. 

A new approach, already in commercial prac- 
tice, makes the switch stator and rotor become 
part of the circuit board itself—or has the switch 
mounted directly on the circuit board, which acts 
as its partial, or even sole, support. Already a 
number of options and variations have become 
available. For those who insist on having the 
switch shaft horizontal, there are right-angle 
gears to convert the vertical shaft of a board- 
mounted rotary to horizontal. Another option 
allows small rectangular pc boards to form switch 
stators that can be plugged into the main board 
(at a right angle), leaving the shaft horizontal. 
Standard rotaries hold their own. Standard- 
design rotaries aren’t out of it, though. They’re 
still the workhorses (if there’s enough space to 
accommodate them) for switching tasks that can’t 
be handled by toggle switches. Standard rotaries 
are getting smaller, too. Half-inch diameter 
models that include all the standard design 
features are now commercially available. The 
smaller they become, though, the more difficult it 
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is to maintain reliable performance. That’s why a 
good half-inch rotary costs more than a larger 
one. 

Whether the rotary switch is board-insertable 
or standard, at least two other trends are ap- 
parent. The first is toward standardization of both 
the design and materials used in construction. 
The other involves the use of precious-metal 
inlays at contact points only, rather than using 
solid precious metal or precious-metal coatings 
for the entire clip. How fast will inlay techniques 
become standard practice? That depends on 
precious-metal price fluctuations. 


Which switch? Some selection criteria 


When you add switching to a bread-board 
setup to test circuit feasibility, rotary selection 
isn’t too critical or difficult. Unused decks and 
contacts are normal at this stage. But when you’re 
finalizing for mass production, you'll need to 
consider several factors that spell success or 
failure on the basis of performance or cost. 

First, give attention to the electrical functions 
the switch must meet. You’ll need the answers to 
many questions. How many poles? How many 
throws? What currents and voltages must be 
handled? Which clips will require make-before- 
break action and vice versa? Must the inactive 
clips at a given switch position be grounded? 


EDN JANUARY 5, 1975 








Lots of switching in a little space—that’s what can be 


<@ accomplished when using a pc-board mountable model such 


as highlighted here. 


Which clips will handle resistive loads, and which 
inductive? Will make-and-break currents differ 
from steady carry currents? 

Next, think of the individual deck design. If 
common connections are a necessity between the 
front and back surfaces of a single deck or 
between adjacent decks, you'll need to specify 
clip positions that will accomplish this. Often, a 
rivet or eyelet instead of a jumper wire can 
provide these front-to-back connections. 

Consider the general grade of switch required. 
Will low-cost stake construction suffice, or 
should a sturdier, repairable bolted construction 
be specified? Are precious-metal contacts 
needed? Will operating temperatures be a factor? 
What size switch can be accommodated on the 
chassis? How much detent torque will be re- 
quired to give the switch a crisp ‘‘feel’’? Will 
special insulation be required to meet high- 
impedance circuitry? Is its environment likely to 
be rough on the contacts or other parts of the 
switch? 

These are the major questions to ask, but there 
are others. Let’s move in for a close look at some 
of the switch-design options available for meeting 
various circuit requirements. 


High or low current? 
High-current switching in home-entertainment 





Switches for mounting on pc boards take many forms today: (a) 


or test equipment usually is considered anything 


over 1A of make-and-break current at 110V, or 
over 5A of carry current. Power switches for 
appliances offer a typical example. They can 
tolerate higher carry currents because a steady 
current flow does not cause arcing that would 
burn away the contacting surfaces. | 

The selection of contact materials for high- 
current switches is less critical than for low- 
current ones. Enough power passes through the 
contact to punch through any ordinary oxide film 
or other insulating contaminant that forms on the 
surface. during inactive periods. 

Rotary switches that handle make-and-break 
currents of <1A at 110V (or carry current of <5A) 
are arbitrarily classified as low-current devices. 
When currents and voltages drop to quite low 
values, switch design and the selection of contact 
materials become more critical. Most of the 
factors involved in good switch design that we 
discuss in this article apply mainly to low-current 
switches. 

Fortunately, when lower currents and voltages 
are involved, contact burnout as a result of dc or 
inductive-load arcing seldom is a serious prob- 
lem. Contact materials and construction may be 
chosen without regard for either the voltage or 
the load type. Arc-suppression circuits are not 
required. 


Quality—dictated by the application 


Two rotary switches that appear almost identi- 
cal at first glance can vary widely in performance 
characteristics and longevity. Over-all switch 
quality depends on many factors, including 
mechanical design, contact metals, type of wafer 





A 32 position wafer switch with right-angle drive via gears’ (2- 


1/4-in. above-board height); (b) A low-profile 24 position commercial version; (c) Tiny 3/8-in. dia. rotary rated at 100 mA, 


100V resistive. 
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insulation, type of detent and general corrosion 
resistance. 

Rotary-switch manufacturers generally place 
their products in one of two categories—less- 
expensive designs for general use in home 
entertainment and test equipment, or rugged and 
expensive ones developed to meet strict govern- 
ment specifications. 

A typical light-duty commercial unit rated for 
10,000 cycles may have a leaf-spring detent, 
silver-plated brass contacts, phenolic insulation 
and staked construction. In contrast, heavy-duty 
commercial or industrial units, as well as switches 
designed to meet MIL-S-3786, will usually feature 
a dual-ball detent, silver-alloy contacts rated 
for 25,000 cycles, and insulation materials that 
possess higher mechanical strength. They will 
also withstand higher temperatures, have bolted 
rather than staked construction, and employ a 
corrosion-resistant finish that will pass a 50-hr 
Salt-spray test. 

In staked construction, the wafers are riveted 
by the projections that hold them permanently to 
the front mounting plate. The least expensive 
type of construction has the bushing staked 
directly to the front plate and stator, a leaf-spring 
detent and a single section with a maximum of 
three positions. 

If more than three positions are required, 
low-cost staked-construction units with up to 
three sections are available. This construction is 
not sufficiently rugged to allow more than three 
sections, and will withstand less vibration, twist- 
ing, shock and stress than the bolted units. 
Another type of low-cost construction uses eye- 
lets or rivets to hold the section on single-deck 
switches. These normally are fitted with a ball 
detent mechanism, and are comparable in 
strength and performance to single-deck strut or 
bolt construction types. 


Sizes, torques and detents 


As you might expect, switch costs don’t vary 
directly with sizes or diameters. Medium-size 
switches (1-1/4 to 1-9/16-in. dia.) are less expen- 
sive than either larger or smaller sizes. The two 
most popular sizes are 1-5/16 and 1-17/32-in. 
diameter, because with staked construction and 
four sections or less they represent the most 
economical utility units available. 

One-inch diameter switches have the same 
reliability as larger versions, but run 50 to 75% 
higher in price than a comparable medium-sized 
unit. Half-inch diameter switches find use in 
military and ultra-miniature test equipment 
where space is at a premium. They cost about 
three times as much as a medium-size switch with 
the same number of contacts. 
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The 1-7/8-in. diameter models are mainly cho- 
sen for their heavier contacts and heavy-duty 
construction. Their larger contacts will handle 
more current (both make and break, and carry) 
than those on the smaller counterparts. Heavy- 
duty switch prices run about 50% higher than the 
popular medium-sized ones. 

A subtle relationship exists between switch 
size, turning torque, knob size, and the detent 
force needed to give the switch action a crisp 
“feel.” As you might expect, larger switches 
require large knobs, but even small switches 
constructed with high detent-force also may 
require large knobs. 

Detent mechanisms generally match the cost 
and performance needs of the switches in which 
they are installed. The preferred type is the ball 
and starwheel. Here one or two balls are rolled 
from one notch in the starwheel to another 
against a spring of sufficient force to give the 
proper feel. This detent offers constant torque 
and crisp feel throughout a long mechanical life. 





Wire-wrapping rotary switch (ups permit solderless connec- 
tions on standard switches for those applications that use this 
wiring technique. 


Knob size should match the total torque. For a 
comfortable turning force, the following knob 
sizes are recommended: 1/2-in. dia. knob for 8 to 
15 oz. in. torque, 3/4-in. for 10 to 20 oz. in. 
torque, 1-in. for 15 to 35 oz. in. torque and 
1-1/2-in. for 20 to 50 oz. in. torque. 


From schematic to switch section 


A little extra time and care expended on the 
layout of clips, teeth and blades for each switch 
deck really pays off. It insures minimum switch- 
Space requirements, fewer jumper wires, less. 
cost and neater appearance. 

When laying out blade design, be careful to 
specify whether you require nonshorting, posi- 
tive shorting or special sequencing. Improperly 


EDN JANUARY 5; 1975 


specifying the shorting function can hasten con- 
tact burnout if dc arcs or inductive surges 
dissipate through the contacts. 

Wherever possible, two or more circuits having 
the same common should be put on the front and 
rear of the same deck. Then common clips can be 
eyeletted, rather than wired together. Also, when 
components are wired between decks, you 
should try to keep corresponding contacts in the 
same relative position on the decks for neater, 
easier wiring. Before designing special- 
application sections and switches, it’s always best 
to consult the switch manufacturer. Frequently he 
can suggest additional ways to improve the 
product or reduce its cost. 


Insulation: properties and prices 


The most economical and widely used rotary 
switch insulation material is paper-base phenolic. 
It's common in commercial switches for home 
entertainment appliances, but should not be used 
at operating temperatures over 85°C. 

Ceramic costs more than phenolic, but is 
mechanically stronger, more rigid, and has higher 
insulation resistance. Ceramic decks can operate 
up to 150°C, limited by the contact materials. They 
usually are coated with silicone fluid to prevent 
surface wetting. After this treatment, moisture 
tends to form isolated surface droplets, thus 
avoiding the drop in insulation resistance that 
otherwise would occur. 

As an insulator, ceramic has a higher dielectric 
constant than phenolic or most other materials in 
use. Fortunately there is very little change of its 
dielectric constant with temperature or fre- 
quency. 

Still more expensive than phenolic or ceramic is 
a hybrid construction that involves two materi- 
als—glass silicone or glass epoxy for the stator 
and Kel-F for the rotor. The Kel-F provides 
excellent insulation, and gives smooth rotor 
operation within the glass-silicone stator. Max- 
imum operating temperature (limited by the Kel-F 
rotor) is 85°C. This combination is used widely in 
high-impedance circuits or applications demand- 
ing high insulation resistance and low dielectric 
constant. It has little water absorption, is tough, 
and will withstand heavy shocks. For a more 
economical deck with similar strength but re- 
duced insulation resistance, a phenolic rotor can 
be used with a glass-epoxy stator. 

Decks molded from diallyl phthalate have 
electrical characteristics similar to those of glass 
silicone. Because it is possible to achieve very 
close dimensional tolerances with molded con- 
struction, contact placement can be more exact, 
and insulation ridges can be used between 
contacts to increase the insulating surface path. 





Anatomy of an electrical contact 


Double-wiping sliding contacts are preferred in 
modern rotary switch designs. Here the sliding 
metallic blade enters the jaws of the clip to effect 
contact on both sides of the blade. The flared 
sides of the jaws act as a guide to help center the 
contact blade, thus minimizing contact opening 
due to shock or vibration. If these forces cause 
one jaw of the contact to lift from the blade, the 
opposite jaw is forced into better contact. It’s at 
these two points of contact between the blade 
and clip that the electrical action takes place. How 
well the switch functions, then, depends greatly 
on the metals in contact at these points. 

Four general approaches permit making a solid 
electrical contact between two metals. The sim- 
plest, but perhaps most expensive way, is to make 
the contacts from gold. Gold is a good conductor, 
and unique among metals in that it doesn’t form 
an insulating oxide film on its surface under most 
conditions. Light pressure on gold-gold contacts 
completes the electrical junction. 

A second method, mentioned earlier, involves 
forcing enough current through the junction to 
break down oxide layers or other contaminant 
films. For most metals other than gold, even 
freshly machined surfaces start to oxidize in air in 
a matter of seconds. For ‘‘dry’”’ circuits (those 
where very small voltages and currents are 
present), insufficient voltage may exist to pene- 
trate the oxide film. In that case, two other ways 
allow you to achieve electrical contact: either 
apply enough mechanical pressure to break up 
the oxide film, or apply both pressure and a 


driving them with a rotary solenoid. Bolted construction gives 
flexibility of location for all components including the 
solenoid. 
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wiping action to sweep away the oxide film debris 
and produce freshly ‘‘machined” metal surfaces. 
All four of the above techniques find use in rotary 
switches. 


Proper metal—proper contact 


For “wet” (high voltage and current) circuits, 
ordinary brass can be specified. Brass plugs and 
sockets, for example, are used almost universally 
for connecting household appliances to wall 
sockets. With dry circuits, however, the proper 
metal will be dictated by several factors: 


e The ‘‘dryness” of the circuit; 

¢« The ambient operating temperature; 

¢ The “‘life’’ desired (number of operating 
cycles); 

¢ The desired contact resistance (both initial 
and after long use); 

¢ The blade-clip drag; 

¢ The cost of the metal itself, or of rolling or 
plating the selected metal on a cheaper 
underlying metal. 


Some general comments seem called for here. 
Whatever the metal selected, the simplest con- 
struction uses it for the entire contact. But even at 
precious-metal prices of 20 years ago, this ap- 
proach was considered costly. Consequently, 
rolling or plating precious metals on spring brass 
or other common alloys has become widespread 
over the years. Plating gives a relatively soft, 
porous overlay. Therefore, when additional abra- 
sion resistance and longer contact life are a 
necessity, manufacturers use rolled-on inlays or 
overlays. 

At today’s precious-metal prices, contact con- 
struction tends toward thinner plated or overlaid 
coatings, and the latest trend sees precious 
metals used only at the exact point of contact. 

Gold, when used over silver, generally prevents 
tarnish of the silver surface, improving shelf life 
and enhancing solderability. 

Typical contact surfaces currently available 
from rotary switch manufacturers are silver- 
plated brass, silver alloy (plain or gold plated), 
gold-plated brass and gold-plated special nickel 
alloys. Where there must be improved abrasion 
resistance (hence, longer life), gold or gold alloys 
are rolled on rather than plated. These materials, 
when used in a double-wiping contact clip, give 
contact resistances in the range of 0.003 to 0.0150, 
on initial contact. Surface finish of rolled pre- 
cious-metal alloys generally falls within the range 
of five to 10 microinches. 

For low-power applications, silver-plated brass 
with 0.0001-in. minimum plating will provide a 
_ Silver-to-silver contact for more than 10,000 
cycles. 
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Nickel-alloy spring base material with hard gold 
alloy rolled on the surface gives gold-to-gold 
contact for 50,000 to 100,000 cycles (to 150°C). 
Silver alloy with 0.0005-in. hard gold alloy rolled 
on the surface likewise will yield gold-to-gold 
contact for 50,000 to 100,000 cycles to 100°C. This 


contact material performs very well in dry-circuit 


applications. 

Normally, manufacturers use silver-plated 
brass contacts to interrupt no more than 1A 
(resistive load) at 28V dc or 0.5A at 110V ac for 
6000 operations. Silver alloy may be used to break 
current on a resistive load of 1A at 110V ac for 
50,000 operations. 


Don’t let the frames rust off! 


After you’ve decided on the proper contact 
metals for your switch applications, be sure to 
give some thought to the metals used in the 
supporting structure. Switch life shouldn’t be 
limited by having it fall apart due to frame 
corrosion. Usually some plating or chemical 
treatment is required. 

For commercial or military use, parts will be 
cadmium or zinc plated with a full-protection 
golden chromate dip. A switch so treated will 
withstand the 50-hr salt-spray test demanded by 
MIL-S-3786, and will hold up well in tropical 
environments. 


New or old, rotaries still click 


Despite inroads by electronic switching and the 
fact that rotaries are far from their infancy, their 
use continues at a high level. 

The newer forms that either are on pc boards, 
or that plug directly into these boards, have had 
much to do with this. So has the widespread 
adoption of techniques that conserve precious 
metals. Precise placement of precious metals only 
at the contact points, for example, does this very 
effectively. 0 


Author’s biography 
Bernard J. Golbeck is Di- 
rector of Engineering at 
the Oak Industries, Inc. 
switch division in Crystal 
Lake, IL. Fourteen years 
with Oak, he previously 
was Chief Engineer at Er- 
wood, Inc. Bernard holds 
a graduate P.D. (Profes 
sional Development) de ; - , 
gree from the Univ. of Wisconsin, is amember of 
ASME, and has been granted 19 patents. 
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Get all four basic types 


of fixed resistors from Panasonic. 


1. Hot molded carbon composition fixed resistors 
from Panasonic have an extremely high degree of 
resistance value stability. They are all uniform 

so you can design with dependability. Solidly 
built with superb appearance, Panasonic hot 
molded carbon composition resists cracking, gives 
_ you reliable performance. They are extremely small 
and light to give you design flexibility. Especially 
in digital circuitry where good pulse characteristics 
are necessary. 


2. Carbon film resistors have proven stability. The 
carbon film is formed on the surface of high-grade 
ceramic cores. These resistors are all grooved and 
‘painted according to value. They have long product 
life and low noise level. Their superior coating 
provides excellent insulation and protection from 
humidity. 


3. Precision type metal film resistors have a very 
wide range of operating temperatures. From —55°C 
to + 150°C. Panasonic’s precision type metal film 
resistors operate within reliable resistance toler- 
ances, from +1.0% to+ 5.0%. Panasonic’s newly 
developed epoxy resin coating gives them excellent 
resistance to humidity. : 


4. Flame-proof metal oxide film resistors are made 
with superior metal oxide film. This film is formed 
on heat proof, non-alkaline ceramic materials to 
provide flame-proof insulation. These Panasonic 
resistors deliver high frequency performance with 
little current noise. Very stable, they have a maxi- 
mum operating temperature of 70°C. 

All are readily available. All at a reasonable 
price. All made with the kind of quality that 
delivers high performance. It’s what you expect 
from Panasonic. For more information on 
Panasonic fixed resistors, fill out this coupon. 
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Matsushita Electric Corp. of America, 
Industrial Division, 200 Park Avenue, N.Y., N.Y. 10017 


Attn: Roger White 


"| Please send fixed resistor literature. 
|] Please have representative call. 
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Panasonic Electronic Components 
our technology is all around you 












MODEL DW-5 
WIRE WOUND 


Minelco’s new Dual In-Line Potentio- 
meter is a low cost trimmer specifically 
designed for PCB automatic insertion 
equipment. 


The DW-5 wire-wound model offers 
low TC to 50 PPM and resistance 
values up to 25K. 


e DESIGNED FOR DIP 
AUTOMATIC INSERTION 
EQUIPMENT. 


e AVAILABLE IN SINGLE 
OR MULTIPLE LOADING 
MAGAZINES. 





ACTUAL SIZE 


e HIGH-IMPACT PLASTIC 
HOUSING RESISTS 
CLEANING AGENTS. 


LOW INDUSTRIAL 
PRICING. 


MODEL DC-5 


The DC-5 model with CERMET ele- 


ment and multiple point wiper contact 
for stability and reliability will retain 
accurate settings within 0.5% of 
desired voltage; TC of 100 PPM: 
resistance range up to 2 megs, 
infinite resolution. 


MINELCO., 


Division General Time Corp. 
A TALLEY INDUSTRIES COMPANY 


135 SOUTH MAIN STREET ¢ THOMASTON, CONN. 06787 
PHONE: 203/283-8261 « TWX: 710/475-1091 
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For more information, Circle No. 27 
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Let us design and build card files to meet your card 
packaging demands. Whether you need a 
multi-row file, a drawer or a complex custom-made 
file...let us help. 


We can make files for lots of cards or just a few. 
We can give you a connector mount right on the 
card guide, on aluminum bars or on separate nylon 
feet. We can punch, bend and cut sheet metal 

to meet any situation. We can provide mounting for 
|/O connectors, wire harnesses or any auxiliary 
components. We can make a card file to do just 
about anything. 


The guides in our files are molded of high strength 
U.L. approved nylon and provide a strong 
durable holder for your cards. The nylon guides 





protect cards and components from shock and 
vibration while their narrow profile allows for system 
cooling. Rigid extruded aluminum mounting bars hold 
guides in place and provide a rugged lightweight 
package. Aluminum or steel sheet metal designed 

for your particular need completes the system. 


Before you start engineering your next card 
packaging system call us...let us help. 


Scanbe Manufacturing Corp. 
3445 Fletcher Ave. / El Monte, Ca. 91731 
(213) 579-2300 / 686-1202 TWX (910) 587-3437 


For more information, Circle No. 28 


= SCANBE 
CANOGA INDUSTRIES 


reduced cost. 
















Time is money 


An old proverb states “Time is Money.” Today’s technical 
jargon might express this as: The logic which does the great- 
est work per unit time, per dollar, can reduce equipment 
costs. Naturally, we feel the logic is MECL. Here are a few 
actual case histories illustrating just that. 


Case 1. A processor was designed in three ways: A. Schottky 
TTL, performance level X; B. MECL 10,000, same struc- 
ture, performance 2X; C. MECL 10,000 architecture modified 
to exploit ECL speed and other design advantages, perfor- 
mance level X. The design team discovered the following: 
























Case 2. Existing equipment used 3 TTL (7400 series) boards 
(~100 packages each) to process 9 input lines of 2 to 10 MHz 
data streams. The system was redesigned and the 3 boards 
replaced with one MECL 10,000 board (~100 packages) 
which worked more than 3 times faster. 

Design results: A. A small saving in basic IC component 
costs; B. A huge reduction in system complexity, together 
with increased reliability, smaller size, reduced power con- 
sumption, lighter weight, and reduced assembly costs. 


Case 3. A memory system was designed which would have 
required high performance NMOS memories and would have 
used TTL control logic. In analyzing the system, designers 
realized that delay time subtracted from control logic oper- 
ation could be added to NMOS cycle time specs. Thus, the 
use of cheaper, lower performance NMOS memory elements 
were combined with ECL control circuits. Design goals were 
met and the same level of performance was obtained — at 


MECL and MECL 10,000 are trademarks of Motorola Inc. 














MCMI10149AL 256 x 4 PRO 
The fastest, large field programmabl 
ROM available today. A quick 
way to simulate logic, micro- 
programming, look-up table storage, 
and high speed code conversion. 


MC1699 — 4, 1-GHz Counter 
A low cost IC approach to 
high frequency counting 







* MC1601 
Quad 2-Input 
OR/NOR Gate 





—A fast way to save 





Evaluate one or more of the new devices and 
receive a free copy of the recently published 
MECL Data Book. Just list your name, com- 
pany, and tentative application on your company 
letterhead, and attach it to your purchase order. 
Your local franchised Motorola distributor will 
include the book with your devices. This offer 
is limited to one book per order and expires 
March 31, 1975. 









problems by reducing 
IC and discrete component new ways 
count. Applications include digital 
TV tuners, frequency synthesizers, and to save 
high performance instruments. time 


saves time | 


MC10183 4x 2 (2’s complement) Multiplier 
Multiply more | 
with fewer packages. Ideal 
for high speed computers, 
image transfer equipment, 
digital filters, correlators, 
and ‘‘smart’’ instrument 
signal processing. 







Six 


Meee 
4/5-Input 
MC1602 

Triple 2-3-2 OR/NOR Gate 


OR/NOR Gate 


High-bandwidth devices designed for 
systems requiring up to 500 MHz 
bandwidths. Communicate more data 

with fewer packages — faster. 


MOTOROLA MECL 


time 


Evaluate and receive a free copy of the new MECL Data Book. 


For device specifications, write to Motorola 
Semiconductor Products Inc., P.O. Box 20912, 
Phoenix, AZ 85036. And if you haven’t viewed 
the MECL seminar, call your : 
Motorola distributor or OKM 
sales office for a presentation. © nicsndocs 
“Time is Money.” Invest in “Data Library 
a MECL evaluation. It could 
return a handsome profit. 










For more information, Circle No. 29 











EDN 4th Annual 
Creative Design 
Contest 





‘First prize, a 25-in. color-TV kit is available in achoice of cab- 


inet styles; Contemporary, Early American or Mediterranean. 


This year’s contest promises more fun and games 
than ever before. Five of the prizes, including 
First Prize, will provide you with many hours of 
delight as you assemble them, and years of 
satisfaction as you use them. 

First prize is a Heathkit Model GR-2000 Digital 
Color TV with 25-in. screen, remote control, 
on-screen digital clock, built-in dot generator for 
convergence, 16-channel programmable tuning, 
and a choice of either Mediterranean, Contempo- 
rary or Early American pre-finished cabinet. (See 
EDN, Sept. 5, 1974, pg. 14 for more details on this 
TV.) Total value is $945. 

Nine additional prizes will also be offered, plus 
a bonus prize. Four of these will be a combination 
prize—a Heathkit GR-1075 AM/FM Digital Clock 





Color, TV kit features on-screen channel number and time 
display, pushbutton digital tuning and volume control, remote 
control operation and built-in dot generator for convergence. 
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Radio featuring a planar gas-discharge display, 
internal standby battery supply and 24-hr. alarm 
cycle; and a Heathkit GC-1093 Digital Car Clock/ 
Timer also featuring a planar gas-discharge dis- 
play as well as elapsed-time capability. Total value 
of this combination is $200. 

The remaining five prizes are Novus (National 
Semiconductor) Digital Wristwatches. These fea- 
ture a LED readout with hours, minutes and 
seconds displayed at a touch of a button. The 
watches have a gold case and band, and are worth 
$220 each. 

A Bonus Prize will be awarded this year to the 
winning entry that uses the most products 
advertised in the January 5 and 20 issues of EDN. 
This prize, a Heathkit Digital Indoor/Outdoor 
Electronic Thermometer, uses a planar gas- 








se 


Combination second prize includes an AM/FM digital clock- 
radio and a digital car clock/timer. Both feature planar, gas- 
discharge readouts. 





tal wristwatches round out the second prizes. 
These watches feature LED readouts, gold-plated case and 
gold-plated stainless-steel bracelet with fold-over buckle. 
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discharge display. The kit includes an 85-ft. cable 
for customizing any two temperatures you wish to 
measure. 


Here’s how to enter 


Any reader may enter this contest (subject to 
contest rules restrictions). Just study the January 5 
and 20 issues of EDN very carefully; put your 
‘creative cap” on; and then set your imagination 
wandering. The resulting design can be well 
worth your time and effort, particularly if you win. 
Use the most products advertised in the two 
anuary issues and if you turn up as one of the top 
10 winners, you also win a bonus prize. 

Make sure your entry package is complete or 
your design will be disqualified. The package 
should include: schematics, drawings, diagrams, 
description of operation, photos (if available) and 
a list of the advertised products used (including 
page number and issue date). 














The most 
FORGETTABLE 

panel-mount switch 
you can buy... 






is also the 
fastest to install... 


SNAP! 


Snap-action switches you snap-in your panel... and forget. 
Switches that keep switching practically forever . . . because of 
Cherry's exclusive long-life, long-overtravel coil spring mechanism. 
Switches that stay put practically forever, too .. . because the 
semi-sealed nylon cases have molded-in serrated spring lock clips. 
These “‘forgettable’ single pole (SPDT) switches are rated 

10 amps, 125 VAC. Also available in double pole (DPDT) 

circuitry ... and in Gold ‘‘Crosspoint” contacts for positive 
switching of low energy circuits. 


SNAP UP A FREE SAMPLE FOR YOUR PANEL 








Just TWX 910-235-1572... or PHONE 312/689-7700 and ask 
Frank to give you facts on panel-mount switches... or circle 
appropriate reader service number. 





eal : 
E69-00A Momentary E69-20A Push-Pull (Reset) E69-30A Momentary & E69-60A Alternate Action E69-40A Momentary 
Action Circle No. 5 Pull-to-Override Interlock Circle No. 7 Action/Short Button 
Circle No. 4 for Free Sample Circle No. 6 for Free Sample Circle No. 8 
for Free Sample for Free Sample for Free Sample 


CHEREY 


CHERRY ELECTRICAL PRODUCTS CORP. 
362 2 Sunset Avenue, Waukegan, Illinois 60085 


LTT 








: SAK Cherry affiliates worldwide * Hirose Cherry Precision Co., Ltd., Tokyo * G. W. Engineering Pty. Ltd., Sydn 
t/ Cherry Electrical Products (U.K.) Ltd., St. Albans, Herts * Cherry Mikroschalter GmbH, Bayreuth, Germa 


For more information, Circle No. 35 
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TV ceo Measured at 10 mA *Forced gain = 100 


| Like all Unitrode Power Darlingtons these new 300-volt units exhibit the lowest 
saturation voltages available. 


Like all Unitrode Power Darlingtons their short turn-on and turn-off times mean \ 
unusually high efficiency in fast-switching applications. 


Like all Unitrode Power Darlingtons they give you greater savings in design and 
assembly time and lower component cost than is possible with discrete components. 


Like all Unitrode Power Darlingtons they are planar for the highest reliability 
and stability. 


Unitrode’s full line of Power Darlingtons includes PNP and NPN transistors and a wide 
choice of characteristics in single and dual, mixed or matched, units. 


Send for complete details on the entire line of Unitrode Darlingtons. For faster action, 
call Peter Jenner at (617) 926-0404. Describe your application on your company 
letterhead and we'll send a suitable sample. 


For more information, Circle No. 31 
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Contest winners create designs _ 
capable of becoming standard IC’s 


Monochip creations show a degree of creativity that could advance 
the state-of-the-art. The ‘best and the brightest’ are described. 


Hans R. Camenzind, Interdesign 


With the monochip, the creation of a custom IC has 


. become a straightforward task, no more difficult 


than designing an ordinary transistor circuit or a 
pc board. Interdesign’s monochip method enables 
the designer to shrink the entire prototype cycle 
to less than three weeks—compared to at least six 
months for an ordinary custom IC. 

Though the EDN/Interdesign Contest was created 
for neophyte designers, the winners showed a 
sophistication beyond normal competency. None 
of the contestants were IC design experts, nor had 
any of them ever designed an IC before. 

A very distinguished panel of design experts was 
assembled for the difficult task of judging. Jerry 
Graeme of Burr-Brown, Paul Brokaw of Analog 
Devices, Durward Priebe of Hewlett Packard and 


Linear/log multiplier 
displays novel approach 


Douglas R. Curtis 


Multipliers produce the linear relationship: 
Ve KVAV, | (1) 


Electronic music synthesizers and sweep function 


Jim Ball of Interdesign rated the designs on: 

e Ingenuity—how ingenious a product is it? 

e Interest—will it interest the readers of EDN? 

e Technology—how does the design fit IC tech- 
nology? | 

¢ Application—how is the monochip used? 


Introducing the Grand Prize Winner 

Doug Curtis entered the contest to achieve one 
of his life-long goals. He hopes to build a music 
synthesizer and his winning design was a radical, 
yet inexpensive, building block for it. 

A music and speech major in college, Doug 
presently is unemployed by his own choice. Spend- 
ing most of his youth in Europe, he recently toured 
America. . 





generators prefer V, to vary exponentially with the 
control voltage. My goal, therefore, was to design 
an IC multiplier with the relationship: 


f 


eee ka * Vv; (2) 
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Fig. 1—Grounding the base of Qg or Qs and connecting V¢ to 
the base of Q3 or Qs is an alternate way of obtaining transcon- 
ductance multiplication or division from the basic linear/log 
multiplier circuit. | 


in addition to the standard linear output. 

To give the op amp the flexibility to drive a VCO 
or the summing junction of an integrator, it should 
have a current output. This, ‘then, was an alternate 
goal. Moreover, because the transconductance of 
multipliers is temperature sensitive, my design 
eliminates this parameter as a problem. As a final 
step, | made the unit capable of decoding and de- 
signed it to fit into a standard 14-pin DIP. 


Let’s talk about basics 
In the basic circuit (Fig. 1), A,, Q,, Q, and Q, 
form a conventional antilog converter where: | 


& ae. Letve- Viy/h (3) 
E anes beter veh 
4 
ae eo 
g 


Three current mirrors invert currents I, and |, 
so that the high-impedance current source output 
provides |, = |, — l,. When V, = V3, |, equals l,, 


and |, = 0. 


A differential voltage applied to the bases of Q, 
and Q, causes an output current to flow. This cur- 
rent’s polarity depends upon the polarity of the 
differential voltage, while its magnitude depends 
upon |, and V,. If the base of Q, is grounded, and 
a small signal, V,, is applied to the base of Q,, the 
output current will be: 

ly = Heh (evsvh — 1) 

If V. remains small, (|V,| < h), the quantity (e¥?/" — 
1) will be nearly linear with V,. Hence, the output 
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current forms a product of the input signal,’ V,, |, 
and e-%", and a 2-quadrant multiplier results with 
either a linear or exponential control scale. 

This approach has several shortcomings, however. 
To get < 1% distortion, V, must be kept quite small. 
Thus, The S/N ratio becomes inadequate. More- 
over, a small signal ac circuit analysis shows that 


due to the unsymmetrical nature of the e* function, 


the output ac signal contains a dc component whose 
size increases with the amplitude of the ac input. 
This characteristic makes the circuit worthless when 
used with integrators in voltage-controlled filters. 
Finally, the small signal transconductance of the 
multiplier is temperature sensitive: 


di es Yehera? 
oR dV h 
For small V, close to 0, 
Lew vin KT 
eS 
q 


You can overcome all of these problems by first 
taking the logarithm of the input signal before it is — 
applied to the base of Q, or Q,. Diode-connected 
transistors Q; and Q,, plus Q, and A, make up the 
log converter. If you apply V; and V, to the bases 
of Q, and Q,, respectively, the following relation- 
ship holds: | 


V,—h In =hin2—hint—h In? 


Lis Sd $4 ee 


| | 
Vi citin 2 = fin hi ee 
lea les 


la 56 
Assuming |,, = I. = I, and |,, = |,; = |,, for well- 
matched transistor pairs: : 


This final equation shows that the output current 
is a linear product of the differential input current, 
|, — I, the ratio I,/l, and the exponential term e7 Y"/" 
This results in a 2-quadrant transconductance multi- 
plier with either exponential or linear control and 
with a division capability. Distortion depends only 
on the accuracy of the log elements and is typically 
under 1% over a wide range of input and control 
currents. Also, the transconductance is insensitive 
to temperature: 


| 
SE fi gee 


The only temperature compensation needed is for 
the exponential control voltage, V, 
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NOTE: * indicates resistors not essential ry 
for operation. They were included to 
facilitate easy interconnection on Monochip. 


140 O13 


Fig. 2—Tightly controlled current source (Qo9—Qo3). supplies each op amp with precisely 4 pA of current. Monochip design achieves 
multiple goals of providing both linear and log transfer functions, providing a current output and eliminating problem of temperature 


sensitivity and transconductance. 


The output of the log converter drives the input 
of the antilog converter. Hence, it could be con- 
nected internally. However, the log converter out- 
puts and the antilog converter inputs are brought out 
on separate pins to facilitate the IC’s use in voltage- 
controlled oscillators. In the oscillator configuration, 
| do not use the log converter portion at all. The 
bases of Q, and Q, are switched alternatively from 
O to a negative voltage just great enough to turn the 
particular transistor completely off. Output current 
then alternatively charges and discharges a capaci- 
tor. The magnitude of the current, and therefore 
the frequency, is either linearly controlled by I,, 
or exponentially by V, through the following 
relationship: 


ue —Vi/h 


And now for the real thing 

_ In addition to the log elements, the circuit con- 
sists of two operational amplifiers and a common 
current source to bias them, plus three current 


_ mirrors and two voltage regulators. 


Because the op amps have a specific purpose, 
their performance requirements are also specific 
and, in most cases, less stringent than those for even 
general-purpose op amps. The most important ampli- 
fier errors in this application are input bias and off- 
set currents, offset voltage, and their temperature 
coefficients. Hence, the input stage is most crucial 
and a large open-loop gain, most desirable. 

Open-loop output impedance is not important, 
as long as the output can deliver the largest currents 
required. Nor are high-slew rate and large-output 
voltage swings necessary, because the output volt- 
age generally swings only 200 to 300 mV. A large 
common-mode or differential-input voltage range 
is also unimportant since the two inputs always 
remain at ground. Finally, short-circuit output pro- 
tection isn’t required. 

The input differential stage (Fig. 2) is identical 
to 741, 776, 777 or 301 designs, but is biased at a 
much lower current to keep the input currents low. 
You only sacrifice frequency response and slew 
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rate, but these again aren’t critical. Since the log 
transistors operate at currents between 0.5 wA and 
0.5 mA, the input currents must be at least an order 
of magnitude lower. | chose a stage bias current of 
around 4 pA to obtain input currents of less than 
30 nA. For greatest accuracy, the input currents 
can be externally nulled out. 

The second or output stage, a Darlington pair, 
simply provides gain. The collector of Q,,, con- 
nected to a low-impedance point, eliminates the 
Miller capacitance loading on the first stage. | chose 
the load resistor for a quiescent current drain of 2 mA 
to keep the operating current point relatively un- 
affected by the log transistors. 

The most unconventional op-amp circuitry is the 
Current source that biases the two op amps. Since 
the input currents to the op amp should be as stable 
and controlled as possible, the performance of this 


current source has to be controlled tightly. It must 


supply each op amp with precisely 4 wA of current. 
In addition, it must give these currents a temperature 
coefficient that will cancel the temperature variance 
in the input currents due to changing h,,. A co- 
efficient of + 0.5%/°C will not only reduce the 
temperature change in input currents, but will 
compensate for the — 0.33%/°C shift in transcon- 
ductance of the input stage. | accomplish this pre- 
cise temperature coefficient by feeding a small 


IROUSIR DIAL 









ee 2 


voltage with a negative temperature coefficient 
into the emitter circuit of the current source. 

Since the tolerance of pinch resistors is too large, 
you have to derive the small currents using only 
small valued resistors. About 1 mA of current flows 
into diode Q,, causing about 45 pA to flow into 
diode Q,,, as determined by R,,. Qs) and Q,, then 
divide this current to give the desired 4 A of sink 
current. A portion of the voltage across diode Q,s, 
which has a negative temperature coefficient, is 
applied to the emitters of Q,, and Q,, to give the 
desired coefficient of + 0.5%/°C. 


A family grows 

One of the many possible applications for this 
monochip is shown in Fig. 3. This circuit is by no 
means complete, since | omitted provisions for 
nulling out the quiescent output current of the cir- 
cuit or op-amp input currents. 

In all applications, input signals and control 
voltages are converted to the required currents 
through resistors. When this method provides the 
signal currents to Q. or Q,, however, the conver- 
sion becomes somewhat nonlinear. This is due to 
the nonlinear relationship between the junction 
current and voltage of the diodes. Lowest error results 
when the input voltages are large compared to the 
junction drops. With the +10V used in the sample 


= 





Fig. 3—This VCO, with differential inputs and linear/exponential controls, can achieve high Q’s with unconditional stability. It can 


also be used in an audio frequency spectrum analyzer. 
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applications, the error is so small that it is omitted 
from the design equations. However, if you use 
smaller input voltages or require greater accuracy, 
an appropriate voltage-to-current converter is needed 
to supply the signal currents to these inputs. 

In the linear multiplier/divider configuration, 
all log transistors are biased quiescently at around 
0.1 mA. When you use the exponential control 
input, log transistor Q, is biased at 15 wA, or at 
the mid-point in the planned operating current 
range. This keeps the |V,| excursions at a minimum 
and hence minimizes temperature effects of the 
e~Yvh term. Use of a temperature compensating 
resistor in the base circuit further reduces this effect. 

Another application for the linear/log multiplier 


Current op amp has 
limitless potential 


T. Allan Hamilton 


Op amps have become familiar items. Their avail- 
ability and simplicity of use have caused an entire 
family of products to be designed quickly and 
efficiently. 

However, op amps are primarily voltage devices 
with limited operation. For instance, voltage-con- 
trolled current sources or current-controlled current 
sources cannot be synthesized with single units. 


Increase versatility the easy way 

Current op amps (COA’s) have major advantages 
over voltage op amps (VOA's). COA’s require cur- 
rent gain, not voltage gain, and this is implemented 
far more easily with bipolar transistors. If voltage 
swings stay low, COA’s have very large bandwidth 
because Miller feedback capacitance limitations, 
inherent in VOA’s, are of no consequence. 

The ease of generating tracking and matched 
Current sources in monolithic form is well docu- 
mented. If you use these techniques, additional 
tracking outputs can easily be generated, enabling 
increased application versatility with almost no 
increase in cost. 

A COA’s input stage requires a low-differential 
input impedance, differential-current inputs and 
differential-current outputs to further gain stages. 
In this realization (Fig. 4),a pair of coinposite pnp 
transistors, Q,, and Q,, and Q,; and Q,,, are used 
in a differential common base mode. The inputs 
occur at the emitters of the pnp transistors; the out- 
puts, at the collectors. Biasing for the bases of these 
transistors is accomplished with diode-connected 
transistors Q,, and Quy. 


IC is in electronic music synthesizers, where most 
functions provide exponentially scaled output quan-_ 
tities. In music, pitch is heard in octaves, and volume 
in decibels. The voltage-controlled oscillators, 
voltage-controlled amplifiers, | voltage-controlled 
filters and transient generators must all be scaled 
exponentially. 

In such an application, one of the most valuable 
features of the Monochip is that all of the major and 
most repeated units of a synthesizer—VCO’s, VCA’s, 
VCF’s, transient generators and balanced modu- 
lators—can be built around the same IC. This 
universal quality makes its use not only economically 
feasible but quite desirable. 0 





Table—Comparison of VOA and COA. 


The pnp input ‘pair’ floats between the upper 
and lower current sources, generating two equal 
and opposite signal currents. Darlington-connected 
transistors Q,, and Q,, and Q,, and Q;, form a 
differential pair and amplify these signal currents. 
The outputs of this combined input and gain stage, 
two differential currents in the collectors of Qi, 
and Q,,, then feed an output stage. This stage, Q; 
through Q,,, provides additional current amplifi- 
cation, operating in a manner similar to commercially 
available transconductance amplifiers. 


Matching the current sources 

To achieve low offset at the input terminals and 
improve dc stability, circuitry has been provided 
to match the upper and lower input stage current 


37 





sources. A differential pair, Q,, and Q,,, together 
with Q,, Q, and Q,, in a feedback loop, matches 
currents in Q, and Q,,. Moreover, by virtue of the 
matching achievable on a monolithic circuit, it 
matches currents in Q, and Q,, and Q,, and Q,,. 
A single external resistor sets up current in diode- 
connected transistor Q,, and provides overall dc 
bias. In the prototype, the value of R, was ~ 60 kQ, 
giving total quiescent current of approximately 2 


ot 


mA with a +10V power supply. At this biasing level, 
the open-loop current gain was ~ 5000. 

C, and C,, points where frequency compensa- 
tion capacitors have good effects, have been brought 
out. For basic testing of the prototype, the unit was 
overcompensated; yet it still showed bandwidths 
in excess of 2 MHz in all of its controlled source 
realizations. It also showed load impedances from 
Lio04A00; oO 
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R, — EQUIVAL. RES 
‘ R_.— COLLECTOR AS JUMPER 
R, — RESISTOR AS JUMPER 


Fig. 4—COA’s monolithic implementation is complete with crossover parasitics for optimized frequency compensation. 


LED’s come into “VU” 


Gerald R. Stanley 


The age of the mechanical audio ‘“VU”’ meter is 
destined to close. No longer must we tolerate the 
sluggish and fragile nature of an analog meter move- 
ment—not when responsive, reliable and_ inex- 
pensive LED’s are available. The Monochip tech- 
nique greatly simplified the sequential display driver 
| created. 

My design, a compact low-power display for a 
7-element LED, uses a 15V regulated supply with 
LED's arranged in an ordered row and illuminated 
sequentially. 
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Past problems, new solutions 
This design eliminates common complaints about 

professional equipment: 

e VU meters that do not indicate peak levels. 

e Bulky VU meters that do not allow close place- 
ment in systems having a large number of channels. 
(In some systems, 16 or more channels must be 
within an operator's field of view.) 

e Visibility of a black moving pointer that is too 
low to be sensible to an operator engrossed in 
the auditioning of a performance. 
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The LED drivers (Fig. 5) are all small npn de- 
vices with both collector terminals joined for 
minimum saturation resistance. However driver 
seven, a Darlington-coupled large npn device, does 
not fit this category. The availability of this device 
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became apparent during layout and | seized it. A 
higher current (> 20 mA) output can be taken from 
the device, power supply permitting, if you desire 
to increase the visibility of the excessive audio 
level condition. © 
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Fig. 5—A natural candidate for integration: The necessary matching and temperature tracking of the differential pairs (Qy3 to Qyg and 
Qos to Qeg) and biasing elements (Qe to Qg) are provided inherently on the Monochip. Current is diverted gradually from Qogg to Qoyo 
causing each stage to turn on in succession. In this manner, a ‘Jacob’s ladder’ display is provided. 


Combination lock requires 


memory and speed 


B. W. Glass 


Activated from an array of pushbutton switches 
greater than four (possibly a 10-button calculator 
keyboard), the security of this circuit is increased 
with two additional constraints. A combination 
timer is started as soon as the first correct button 
is pushed. The user then has a certain time to com- 
plete the sequence. If the sequence isn’t completed 
on time, operation must again start from the begin- 
ning number. Choosing a wrong number causes 
the lock to be blocked for a specific time and 
triggers an optional alarm output. 


Let your fingers do the walking 

If the correct first button is pushed (Fig. 6),flip-flop 
1 is set through D,. 

Setting flip-flop 1 reduces the collector potential 
of Q, to ground, enabling the gate created by Qj. 
As the second correct button is pushed, Q,, turns 
ON, Q,, turns OFF, and flip-flop 2 is set. This se- 
quence continues on through flip-flops 3 and 4. 
Once the last flip-flop is reached, the output termi- 
nal goes HIGH. This output may drive a power 
transistor or triac that, in turn, powers a solenoid. 
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1. 35k 


SEQUENCE 





FLIP-FLOP 1 FLIP-FLOP 2 





INPUTS 
10 
200 
200 
200 
20 
200 
200 
30 
200 
200 
40 
200 
200 — 
& 
PENALTY 
INPUT 200 


FLIP-FLOP 3 









FLIP-FLOP 4 


. 400! 


3.6k 


PENALTY 
= S TIMER 


Fig. 6—Pushing the wrong button sets the penalty flip-flops through transistors Qy3 and Q44. Simultaneously, the penalty timer starts, 


causing the lock to be blocked for a specific time. 


Simultaneous with the setting of flip-flop 1, the 
combination timer is started through transistor Q,,. 
This transistor turns OFF, thus removing the short 
across external timing capacitor C,, and allowing it 
to start charging through R,. When C,’s voltage 
reaches approximately 75% of the supply voltage 
(given by the 30 kQ/100 kQ resistor ratio), Q,, turns 


ON, activating Q,, and Q,,. Q,, then turns OFF 
and resets all four flip-flops. 

The total time allowed to press the sequence can 
be set (with the two external components) from 
one to at least 100 seconds. The lock can also be 
reset manually by connecting the manual reset 
terminal to +V. 


Switching postregulator 


uses standard parts 


Robert Brown and Steve Hall 


Our Monochip design (Fig. 7) provides an inex- 
pensive circuit which, when used with a standard 
regulator such as the wA 723, creates a switching 
regulator. This combination allows a high efficiency 
regulator to be placed directly on a card or, in the 
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case of a dc-to-dc converter, provides independent 
voltage adjustment and regulation for multiple 
outputs. The IC itself provides timing, voltage-to- 
duty-cycle conversion, error amplification, current- 
limit sensing and drive to the power transistor. 
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Fig. 7—Combine the custom Monochip circuit with a standard 
723-type linear regulator and you get a high efficiency switching 
regulator. RC network determines switching frequency. 


Dual purpose feature added 

The complete circuit diagram of the monochip 
is shown in Fig. 8. The ramp generator consists 
of a differential pair (Q,, Q,), biased at one- 


RAMP GENERATOR 


Re 
27k 


By 


900 
(C.0.) 


COMPARATOR 





half the supply voltage, and an SCR-like reset 
circuit (Q,, Q,). As soon as external resistor R 
charges capacitor C to one-half of the supply volt- 
age, Q, turns ON. This activates Q,, which pumps 
current into the base of Q,. Positive feedback into 
the base of Q, ( and back into the base of Q,) causes 
the two transistors to turn ON rapidly, discharging 
C. When the voltage reaches approximately 0.8V, 
Q, and Q, turn OFF, and the charge cycle starts 
anew. 

Q, buffers the resulting ramp waveform, which 
is fed to the base of Q,., one input of the comparator. 
The second input, (Q,,), receives its signal from 
the voltage reference, and is divided down by a 
resistance ratio to make the error signal compatible 
with the output of a standard IC. 

The output of the comparator is amplified and 
level-shifted through Q,, and Q,,. The current-limit 
amplifier is a standard differential stage (Q,,, Q,,) 
with an emitter follower (Q,,.). 

One additional feature built into the chip, is that 
Q,, and the terminal marked ON/OFF have a dual 
purpose. Connecting the ON/OFF pin to ground 
shuts off the regulator, while connecting a capacitor 
from this point to ground provides an initial (power- 
up) time delay that prevents overshoot. 
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Fig. 8—Timing voltage-to-duty-cycle conversion, error amplification, current-limit sensing and power transistor drive are provided by 


this configuration of the Monochip’s components. 
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api Series 100 Edgewise Meters 


Save space and money, too. The panel cutouts, yet the snap-in OEM requirements are 
api 1015 (1.5") and 1025 (2.5") _, mounting is simpler than any _ handled with traditional quick 


stackable edgewise meters were other edgewise mounting response and high quality. 
created to provide attractive, | method, saving you time EICEIERA- Frankly we 
economical,and accurate analog and money. think you'll be surprised ‘ee 
“— * ~~ of panel ACCURACY—The —___ much the Series 1000 beats 
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these meters provide a number 
of user benefits available 
nowhere else. 


pivot-and-jewel mechanism _ has detailed photos, 
provides 2% accuracy for drawings, specs and prices. 
vertical or horizontal scale _ Please write or call today for 





STYLE— Sculptured, orientations; and complies —_your free copy. LFE 
crystal-clear window and with ANSI C39.1 performance Corporation, Process Control 
molded black flange crisply and C39.5 safety standards. Division, 1601 Trapelo Road, 
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A programmable calculator for 


parallel impedance problems? 


It’s not necessarily an overkill. You can save a lot of time and 
time means money. If the machine is there, why not use it? 


William H. Smyers, Jr., Consultant 


Programmable calculators, like dandelions, are 
springing up everywhere. They will soon be as 
common in the office as dictating machines, 
telephones and swivel chairs. The reason for their 
growing popularity? They can provide tremen- 
dous time savings in solving not only complex 
problems, but also relatively simple ones as well. 

In view of their increasingly widespread use, 
today’s designers should do two things. For those 
already using calculators, exchange of programs 
and techniques is essential. It is, after all, quicker 
to transpose someone else’s already debugged 
program into the language of your own machine 
than it is to start from scratch. Also, you may 
stumble upon some programming techniques 
you can adapt, even if you must manipulate data a 
little differently in your calculator. 

You should also become familiar with the 
characteristics of various makes and models. You 
may be quite satisfied with the Hewlett-Packard 
9820 that you’re presently using. But what do you 
do when you move on to a new position and find 
a Wang 600 on your desk? 

If you’re not yet using programmable calcu- 
lators, think ahead. Some day, your boss may ask 
you to recommend the type of machine the 
company should buy. If you’re ready with an 
answer, you'll not only get the machine you want, 
you'll also score some points. | 

In light of this situation, we'll take another look 
at a simple problem. Calculating the parallel 
equivalent of two complex impedances is rela- 
tively easy and occurs quite frequently. This 
problem was discussed in the Dec. 5, 1973 issue 
of EDN (‘New generation calculators slash circuit 
design costs’’ by Jack Frost). Let’s extend the 
thoughts of that article, and explore the ad- 
vantages of using a programmable calculator on 
this relatively simple problem. We will also 
examine a couple of programs that will solve the 
problem on a Wang 400, 500 or 600, and note the 
basic data manipulating method for these 
machines. 


When time means money, save it 


The parallel impedance problem is summarized 
in Fig. 1. This figure is essentially the same as Fig. 
3 in the referenced article. Before proceeding, we 
must define the term manipulation. Each entry of 
a piece of data, each arithmetic operation, and 
each grouping of terms is considered a manipula- 
tion. On this basis, solving the equations for Reg 
and X,, involves about 70 manipulations. 

Assuming that no pre-planning or special 
techniques are used, the time required to solve 
the problem on aslide rule, or nonprogrammable 


S57 FLX, : 
| =|Z,| Cos 0,+jIZ,ISINO, 


24> Rati X, 
= |Z,ICOS 0, +) |Z, ISIN 0, 





Fig. 1—Two sizable formulas represent the solution to the 
parallel impedance problem. 


calculator having no polar-to-rectangular conver- 
sion key, should be roughly proportional to this 
figure. A few trials on sample problems leads one 
to the conclusion that a typical engineer might 
take around six minutes or more to obtain the 
correct answers when operating in such fashion. 
In this problem, making use of the similarity of 
some of the groups of terms will reduce the 
number of manipulations, the solution time and 
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the number of expected errors. However, the 
time spent pre-planning must be counted also. 

Let’s say that it will take at least five minutes to 
solve the problem by hand. Remember, doing 70 
manipulations without error is akin to having an 
error rate of less than 1.4%. Therefore, those of 
us that are less than 98.6% perfect in such tasks 
will want to recheck any answer we get. 

Mr. Frost’s article showed that a calculator 
having polar-to-rectangular conversion keys 
could yield a solution in about 25 steps. It 
suggested that a solution could be accomplished 
in about a minute. If the operator has run the 
problem often enough to have memorized the 
steps, this timing is realistic. However, if you 
must reason out the sequence as you go, assume 
a solution time more on the order of 90 seconds. 

It should be noted that we have considered the 
entry of a value such as R, to be a single step 
although it will require a separate key stroke for 
each digit, decimal point, etc. In any case, we can 


see that 25 steps instead of 70, or one and 


one-half minutes instead of five represents some- 
thing in the neighborhood of 70% time and error 
saving. If this type of problem arises often, a 
considerable saving can result. However, 25 steps 
is still quite a bit to do consistently without error 
(it requires less than a 4% error rate, so those of 
us who are only 96% perfect will still want to 
recheck). 

The programmed solution to the problem, 
however, is just about the ultimate in simplicity 
and speed. There are really only four steps or 
manipulations. If you count hitting the ‘““go”’ key 
after each data entry as a step, then it might be 
argued that it is an 8-step procedure. In any case, 
the actual entries are simply: 


Ri, gO, X,, gO, Re, go, Xe, go. 


The answers for R.q and X,, will be printed back 
immediately. This process takes about 10-15 
seconds, and more than likely can be considered 
to be essentially error free. The programmed 
solution, in any case, is something more than a 
95% time and error savings over the hand 
method, and at least a 75% savings over the hand 
method that uses polar conversion keys. The 
engineer who spends any significant amount of 
his time solving problems analogous to this 
example can’t help but save time, and hence 
money for his employer, by using a program- 
mable calculator. 

It must be conceded that the example used is a 
particularly lucrative one for programming. Sev- 
enty manipulations performed on only four 
pieces of raw data means that a lot of work can be 
done by a program. If your problem involves 
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adding 70 different numbers together, inputting 
the raw data is the major part of your work. Under 
these conditions, very little savings will be 
realized by using a programmed solution. How- 
ever, if you have to count the number of data 
entries, find an average and a standard deviation, 
etc., the programmed approach is the way to go. 


Getting to know the Wang calculator 


The programs to be discussed will solve the 
parallel impedance problem on a Wang 400, 500 
or 600 calculator. Specifically, they were written 
for a particular 600 machine that had a strip 
printer, but did not have hard-wired or ROM 
polar conversion keys. However, the equivalent 
capability can be obtained by a single key access 
to a subroutine. 

There is just one display on the Wang 600 
calculator, and any number you enter from the 
keyboard appears in that display. Keystroke 
command operations that involve just one num- 
ber, such as sine or log, are performed on the 
number in the display. The result appears in the 


PROGRAM “A” 
STEP KEYSTROKE 
NUMBER COMMAND COMMENTS 
0 ST 0 STORES R, IN REGISTERS 0, 5 AND 6 
1 515 (STARTED WITH R, IN DISPLAY) 
2 st 6) 
3 STOP STOPS FOR OPERATOR TO ENTER X, IN DISPLAY 
4 T1 
5 - 4 STORES X, IN REGISTERS 1,4 AND 8 
6 ST 8 
7 STOP STOPS FOR R, 
8 ST 2 
9 +5 ADDS R, TO REGISTER 5 (GETS R,+ R, IN REGISTER 
5 AND IN DISPLAY) 
10 ST 9 STORES R,+ R, IN REGISTER 9 
11 x? SQUARES DISPLAY (GETS (R,+ R,)? IN DISPLAY) 
12 Si 7 
13 RE 2 RECALLS R, (REGISTER 2) 
14 X 6 GETS R,R, IN REGISTER 6 
15 STOP 5 
16 ST 3 
17 xX 8 X,X, IN REGISTER 8 
18 ~ 6 R,R, — X,X, IN REGISTER 6 AND DISPLAY 
19 xX 5 GETS (R,R, — X,X,)(R, + R,) IN REGISTER 5 
20 RE 3 
21 x 0 GETS R,X, IN REGISTER 0 
22 RE 2 R, 
23 x1 R,X, 
24 + 0 (R,X, +R,X,) 
25 x 9 GETS (R,+R,)(R, X,+ R,X,) IN REGISTER 9 
26 RE 3 X, 
27 +4 X,+ X, 
28 X 6 (R,R, — X,X,) (X,+ X,) 
29 - 9 GETS (R,+ R,)(R,X,+ R,X,) —(R, R,— X,X,)(X,+X,) 
IN REGISTER 9 
30 RE 4 X,+ X, 
31 xX 0 (R,X,+ R,X,)(X, + X,) 
32 + 5 GETS (R,X,+ R,X,)(X,+ X,)+(R, R,— X,X,)(R, + R,) 
IN REGISTER 5 
33 RE 4 
34 x? 
35 + 7 (X,+X,)?+(R,+R,)? 
36 75 GETS R,, IN DISPLAY AND REGISTER 5 
37 PRINT PRINTS R,, TO 10 DECIMAL 
38 E 10 PLACES 
39 RE 7 
40 +9 GETS X,, IN DISPLAY AND REGISTER 9 
41 PRINT 
42 T 10 PRINTS X,, TO 10 DECIMAL PLACES 
43 STOP 


Fig. 2—Program A is a short, fast solution for R,, and Xeq, USINg 
the equations of Fig. 1. 
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display in place of the original number. 

There are 16 registers in which arithmetic can 
be performed. Arithmetic operations involving 
two numbers require only a single program step. 
As an example, command ~+8 will divide the 
number in register 8 by the number that is in the 
display. In addition to appearing in register 8, the 
result will appear in the display, where it is ready 
to be part of some subsequent operation. Unless 
provision for storing has been made, the number 
that was previously in the display will be lost. 

Of the 16 arithmetic registers, 14 and 15 are 


—SSS 





Fig. 3—Making use of general purpose subroutines, program 
B is a longer, slower solution using fewer storage registers. 


since they require only a single physical key 
motion, such as +15. The command +12, on the 
other hand, requires both the + select key and 
the 12 key to be pushed down. 

The above description may only cover about 
1% of the Wang 600 instruction manual, but it 
probably explains 75% of the program steps ever 
written for the machine. 

The Wang system is extremely efficient, in 
terms of doing a lot of mathematics in the least 
number of program steps. But it is probably not 
quite as natural to program as are calculators like 
the Monroe 1880, Tektronix TEK 31 or the HP 9820. 
You program these machines sequentially, the 
same as the algebraic equations are written. 


When speed is what you need... 


Program A, along with explanatory comments 
(Fig. 2) solves the complex impedance problem 
by using the two equations of Fig. 1. It does not 
follow the terms of those equations in order of 
their appearance, however. Instead, the program 
uses several techniques, which make it short and 
fast. 

Once a number is in the display, it may be 
stored on a one register/step basis. For instance, 
the program starts with R, in the display. The first 
three steps immediately store R, in registers 0, 5 
and 6. In step 21, register 0 will become R,X,, and 
still later (R,X,+R.X,) in step 24. By step 31, 
register 0 contains (R,X_+ R.X;)(X;+X,_). Register 5 
holds the term R,+R, in step 9, and winds up as 
(R,+R,)(R,;R2—X,X2) in step 19. 

After the process of operating on a register, the 
result of that operation is in the display as well. A 
single step can then be used to make that quantity 
operate on some other register. As an example, X, 
is put into the display during the stop at step 15. 
During the next four operations, no steps are 
wasted recalling quantities. After storing X, in 
register 3 in step 16, we can, in the next step, 
multiply it by register 8 to get X,X, in both register 
8 and the display. This quantity is subtracted from 
register 6, in step 18, to get (R;Ro— X,X2). We then 
multiply by register 5 to get (Ry+Roe)(RyRo— X1X2) in 
step 19. | 

Techniques such as these are quite economical 
for both compute time and program memory. If 
you slightly modify the program to run on already 
stored input data, and to skip the printing steps, it 
will run in about 110 msec. Program A then can 
probably be used as an iterating subroutine in 
some other main program, without sacrificing 
speed. 

The program was not born 44 steps in length. 
By selective pruning and re-arranging, it was 
reduced from 60 steps. If you have plenty of 
program memory or are going to use the program 
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by itself, and infrequently at that, then 44 steps 
instead of 60 is immaterial. However, if your 
calculator only has 200 steps of memory, and you 
want to put several similar programs in memory 
simultaneously, the 25% savings in program 
length may make the difference between fitting 
and overflowing. 

Two other angles about the program length 
should be noted. The short length is achieved by 
using up 10 arithmetic registers. If, as a result of 
your main program, such registers are in short 
supply in your calculator, then program A may 
not be a very good choice for a subroutine. 

Secondly, calculators that use straight algebraic 
programming of equations seem to require signi- 
ficantly more program steps to do the same job. 
Some sample first-cut programs written for this 
type of machine contain 100 to 145 steps. 
Naturally, some pruning and refining can shorten 
these programs. Although it is possible that 
someone familiar with analagous techniques for 
these machines could effect a drastic reduction, it 
is not probable. When you decide to program just 
as the equations are written, the only leeway for 
variations is re-arrangement of the equations. 


Free up registers with subroutines 


Program B (Fig. 3) attacks the problem by 
employing subroutines that use essentially the 
same polar conversion procedure as outlined in 
Mr. Frost’s article. For the Wang 600, these 
conversions, written as subroutines, are ac- 
cessible by a single keystroke or program step. 
Steps 18 to 30 are a rectangular-to-polar conver- 
sion subroutine. To use it, you must have 
previously put your rectangular coordinates R; 
and X; in registers 15 and 14, respectively. A single 
step command, F1 in this case, will yield the polar 
magnitude, |Z;] in 15 and the polar angle, @ in 14. 

Subroutine F2, in steps 31-43, performs the 
reverse operation. Subroutine F4 (steps 51-60) 
uses the first two subroutines to obtain the 
inverse of a set of rectangular coordinates by first 
converting them to polar. It inverts the polar 
vector, getting 1/|Z;| and —@, and finally converts 
them back to rectangular coordinates. The last 
subroutine, F3, calls up the inversion routine, F4, 
and enters the X; part of the input data. 

The main part of the program, then, only takes 
place in steps 0 to 17. Note that the program starts 
with R, already in the display. The initial program 
action involves calling subroutine F3, and storing 
R, in register 15 at step 46. 

Program B has some advantages. You may want 
subroutines F1, F2 and F4 in your memory for 
other reasons—single key commands for hand 
calculations, or subroutines for direct access from 
other main programs. If so, then the additional 
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Fig. 4—Program B works branch by branch through the circuit 
to find the equivalent impedance of the network. 


program memory necessary for the complex 
impedance problem is only steps 0 to 17 and 44 to 
50, a total of 25 steps. While it’s true that shorter 
subroutines can be written for polar conversion, 
these three (F1, F2 and F4) have the advantage of 
utilizing only the scratch pad registers, 14 and 15. 
They can, therefore, be used in most main 
programs without disturbing the data in any of 
the other registers. | 

In fact, program B employs only these two 
registers plus registers 1 and 2. It is, thus, 
relatively easy to use as a complete subroutine, 
although the program is pretty slow. Because it 
has to search for subroutines 11 times, it takes 
about 1.7 seconds to compute the answer. For 
many applications, this time would be most 
acceptable. However, for some trial and error 
applications, where a complex impedance sub- 
routine might have to be called 1000 times during 
the solution of the main problem, program A 
might be a better choice. 

You can use both of the programs for some 
network problems. With program B, for example, 
the answers for R., and X,, end up in registers 15 
and 14, respectively. They can be recalled, as part 
of an adjacent parallel or series impedance, to 
work branch by branch through the network. 


EDN JANUARY 5, 1975 


The impedance of the group of elements in Fig. 
4 can be solved quite quickly using program B. 
Obtaining the equivalent complex impedance of 
this network requires 45 keystrokes, which result 
from about 17 steps of thought process. 
whole procedure takes about two minutes. This 
time is rather attractive, when you consider that 
you can do it on a machine with only 60 steps of 
memory. Surely, we can all remember the long 
hours we spent looking for an obvious error ina 
problem no more complex than this. 


On this rock, | will build 


Short programs can form a foundation of 
subroutines for a hierarchy of programs that are 
used to solve increasingly complex problems. 
Let’s consider some simple extensions of our 
results so far. 

How about adding a subroutine to calculate the 
inductive and capacitive reactance for a given 
frequency? Given this luxury, the values of 
inductance and capacitance, rather than reac- 
tance values, can become a program input. A 
routine could be added that would solve for the 
current through, or voltage across, a particular 
part of the circuit, instead of computing the 
circuit's overall impedance. 

Supervisory programs could obtain the data 
necessary to plot a circuit frequency response, 
determine the frequency of peak response and 
optimization procedures. 

If you do any significant amount of numerical 
figuring, then the day will soon come when you'll 
have a programmable calculator right on your 
desk; not on a table in the middle of the 
engineering department or in a secured room up 
in the accounting department. Keep informed on 
these machines: what they can do and how they 
do it. Programmable calculators get more attrac- 
tive with every new product release that comes 
down the pike. O 
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Today, more than ever before, Data Precision instruments are the 
smartest buy in the industry. Model for model they offer perfor- 
mance, flexibility and reliability at appreciably less cost than com- 
parable competitive instruments. 





Model 245 is the only truly portable 4-1/2 digit full function 
multimeter available. With a basic accuracy of +0.05% its per- 
formance far exceeds other alternative portables. Compare its 
cost and 4-1/2 digit performance with any 3-1/2 digit instrument. 
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By far the most accurate autoranging full function 4-1/2 digit 
multimeter available. It has DCV accuracy of +0.007% rdg. +- 
1LSD/6 months, autoranging and autozeroing, remote ranging 


and triggering and isolated BCD output, all included in one basic 
price. 








Model 1450 $325 
Our newest 4-1/2 digit full function, 21 range multimeter features 


a basic accuracy of +0.02% of rdg. +0.01% fs, big bright 1/2 inch 
planar display and 100% overranging. 





Contact your Data Precision representative or Data Precision 


directly. You may be surprised just how much more instrument 
you can buy, when you buy Data Precision. 


ES DATA PRECISION 
.. years ahead 


Data Precision Corporation, Audubon Road, Wakefield, MA 01880 


Phone (617) 246-1600 


For more information, Circle No. 54 
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The *159 
Generator 





oe. e © e 
Monochip design did it! 

First we created the Monochip. An 
inexpensive way to turn a PC board into a 
monolithic IC in 3 weeks—and for less than 
$2,000. 

“It’s a fantastic way to reduce instru- 
ment costs,’ we told others. 

Then one day our chairman said, ‘“‘If 
it’s so good, why don’t we follow our own 
advice” 

So we did. 

The $159 Pulse Generator is a general- 
purpose square-wave generator with varia- 
ble duty cycle. It’s the first in a new line of 
low-cost instrumentation from Interdesign. 
All the major circuitry is on one low-cost 
Monochip. 


enclosed 
er is enclosed 
sed but P.O. number 


Address 


Mail to Interdesign, 
1255 Reamwood Ave. Bee Calif. 94086 





For more information, Circle No. 33 








Undoubtedly there are some people 
reading this who will say, ““There must be 
a catch. Ifit’s only $159, it can’t be that good.” 

Nocatch. Not only does Monochip tech- 
nology reduce costs, but it has created a gem 
of a pulse generator that’s far more rugged 
and reliable than most. 

In fact, we’re so sure you'll like our $159 
Pulse Generator that we'll let you use it for 
15 days with a no-questions-asked money- 
back guarantee. 

And if that doesn’t convince you...then 
youre not really in the market for a pulse 
generator. 

We have some provocative literature 
that’s yours for the asking. Send in the cou- 
pon, or write Interdesign, 1255 Reamwood 
Ave., Sunnyvale, CA 94086. (408) 734-8666. 
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acturers who recognize 


k box” tre nds in power supplies 





Standard power supplies account for only about 10% of the U.S. power supply industry’s total sales. 


For many electronic OEM’s, the traditional cus- design was considered unique, or at least so 
tom-designed power supply is turning out to bea complex that it was simply impossible to think of 
costly and wasteful anachronism. Why? Because satisfying all of its requirements with a standard- 
of the relatively new and fast-growing selection of ized power supply. 





standardized off-the-shelf (OTS) power supplies. 
These supplies cut down the component costs Those companies that can learn to think of power 
and inventories. They save valuable design en- _—_ supplies as another “black box’ component are 
gineering time for more important work. And the ones who will enjoy the benefits. 

they help the OEM’s products get built and 
shipped faster. What must be recognized is that during the last 
_ Historically, the concept of custom-designed five years, certain trends have begun to reshape 
power supplies lies in the lack of commonality the power supply industry. Now these trends 
among the systems being designed. Each new = must reshape the thinking of engineering and 
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design management as well. How did this hap- 

pen? Let’s look at the five major reasons. 

e Power supplies moved toward lower voltages. 
IC technology encouraged (if not forced) this 
move. It’s a move that is still underway as we 
head for higher densities and lower breakdown 
voltages. 

e Minicomputers demanded higher efficiency 
power supplies in smaller sizes. 

¢ Product liability scares and new OSHA require- 
ments prompted many manufacturers toward 
UL listing. 

e Fewer outputs are needed. Five years ago 
power supplies commonly sported 10 to 14 
outputs. Now, mainly due to IC compatibility, 
we deal in only three or four outputs—typically 
5V de with +12 or +15V dc. 

e Logic (such as automatic sequencing) is being 
taken out of the power supply and put into the 
Surrounding circuitry. There is no need to 
include them in the supply. The logic functions 
have already graduated to the status of black 
box components and are readily available in 
chip form. 

These trends are all symptoms of the increasing 
commonality among the high-volume applica- 
tions for power supplies. Together, they’ve estab- 
lished the kind of standards that inevitably result 
in practical, off-the-shelf designs. First to emerge 
were 30, 60 and 120W supplies in 5, 12, 15, 24 and 
48V models. Recently we’ve seen the advent of 
miniature low-power supplies packaged in smart 
modular form. These are now becoming broadly 
available from electronic distributors. In the near 
future the trend toward logic voltages will gener- 
ate more OTS units in the 4 to 5V range. 


The basic selection of standardized power sup- 
plies can usually be obtained in 48 hours or less 
from local electronic distributors. You normally 
need a minimum of 16 weeks for delivery of 
custom-built power supplies. 


The rapid growth of OTS designs, and their 
ready availability, means there are more and more 
applications where custom power supplies are 
used that should take advantage of the benefits 
that OTS units offer. Standard power supplies 
now account for only about 10% of total sales in 
the U.S. power supply industry. Yet time and 
again houses involved in power supplies see 
cases where standard OTS units can easily be 
substituted for the more costly custom designs. 

This usually happens when the designer gave 
little or no consideration to the power supply 
until the last minute. It is a common occurrence 
with computers, some process controls and 
medical instrumentation. The power supply is not 
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Typical off-the-shelf power supplies, such as this 24V dc, 6A 
unit, are becoming broadly available from electronic dis- 
tributors. 


considered early enough in the design process. 
Engineering does not leave enough space to 
accommodate a standard power supply with 
sufficient total power capabilities. The result is a 
crash program to beat the state-of-the-art on 
power supply size and efficiency. This usually 
leads to a product that operates with a surface 
temperature much higher than desired...or one 
that has questionable field reliability. 


For the designer, going the OTS route usually 
means designing to avoid extremes. 


Too often, power supplies are specified for 
capabilities far in excess of what they will 
encounter. Or they may be specified in such a 
way that they will far outlast the anticipated life of 
the equipment. In many of these cases, OTS units 
would be thoroughly adequate—and much more 
practical. The designer need only write realistic 
specs to understand this. In other cases, OTS 
units with some minor modifications will satisfy 
design needs, and still cut about 75% off the 
development lead time of a custom design. 

This, in fact, underscores a major fallacy in the 
classic argument for custom-built supplies. Buy- 


ers claim that the custom approach is the only 


way to avoid paying for extra features—the “‘Give 
me exactly what | want and only what | want’ 
syndrome. That sounds good in theory. However, 
in practice, the designer invariably builds a 
“margin of safety’’ into his specs; a margin that 
usually is unnecessary but adds significantly to 
the cost and complexity of the device. The buyer 
still winds up paying extra for a lot of needless 
features. 
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The major drawback to the designer thinking 
about standardized, off-the-shelf power supplies 
is that he is very likely to run into ambiguous, 
fragmented, unstandardized and sometimes 
omitted data. 


While the products are ‘‘standardized,’”’ subtle 
differences still exist between individual items. 
And these differences don’t always show up in 
the manufacturers’ data sheets. 

For example, maximum temperature and max- 
imum current are two key specs in. power 
supplies. However, they do not always coincide, 
even though the spec sheet gives that impression. 
A manufacturer’s data sheet may identify a power 
supply as a 5V, 12A unit with a top operating 
ambient of 75° C. Actual operation may show that 
the ambient must be held below 40° C in order to 
get the full 12A output. 

When the line voltage drops below nominal, 
can you still get the maximum rated output? Since 
line power falls below nominal quite often these 
days this could turn out to bea real problem, one 


that doesn’t show up until the product is in the 
field. 





Too often, power supplies are specified for capabilities far in 
excess of what they will encounter. 


Another key spec is response time, or ‘‘tran- 
sient response.” Does this mean recovery time 
limitations to reach the regulation envelope? Or 
time taken to reach full steady-state values? Or is 
it the time taken for the response to start? Data 
sheets don’t always make this clear. Such seman- 
tic difficulties can and do cause real problems. 


In complete fairness, it should be noted that 
standard OTS power supplies are not always 
appropriate. | | 


Two situations in particular exist where a 
custom supply is still the better choice. The first is 
the result of the trends that led to the standardi- 
zation of power supplies. These caused OTS 
designs to be best suited for minicomputers, 
office equipment and other “white collar’ appli- 
cations. They are not normally “hardened” 
against in-plant environments where heat, hu- 
midity, airborne contaminents and other hostile 
elements are common. 

Consequently, power supplies sought for the 
majority of factory applications will be custom- 
built devices. Supplies for numerical machine- 
tool controls and process controls cannot be 
hidden in a clean room. They need special 
heat-sinking arrangements; tougher com- 
ponents, such as metal-can semiconductors; 
larger insulators; and computer-grade capacitors. 
OTS power supplies usually cannot satisfy these 
requirements. 

This same consideration holds true for highly 
specialized laboratory type power supplies 
needing unique combinations of characteristics. 
Most of these are one-of-a-kind designs that will 
never be found on any distributor’s shelf. 

The quantity of power supplies needed deter- 
mines the second important situation. If the OEM 
delivery requirement is less than 300 pieces a 
month, the OTS power supply will probably be 
the least costly. However, if the delivery schedule 
calls for more than 600 pieces/month—and the 
specs aren’t outlandishly tight—the custom unit 
would be the way to go. In that gray area between 
300 to 600/month, other specs and requirements 
make the difference. Thus, bids on both custom 
and OTS devices are then advisable for closer 
comparison. 

These numbers sound good, but where did 
they come from? First, the custom power supply 
buyer must spend an average of $10,000 to $20,000 
for design and prototype development prior to 
any production. Obviously, it takes a sizeable 
production run to amortize a development cost of 
that magnitude. Buying OTS power supplies does 
not penalize smaller quantity orders with such an 
investment. | | 

A learning curve also applies to power supply 
production. Labor costs start to flatten out as 
production runs exceed 1500-pieces. Manufac- 
turers operating above this level to produce two or 
three months deliveries in one run _ greatly 
increase their efficiency. Below that level, labor 
costs increase, so the custom supply starts to cost 
more than an alternative OTS unit. Exactly where 
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A program loader 
in a briefcase! 


STR-LINK 


STR-LINK is the first portable program loader 
to give you so many advantages in one package. 

Its Compact enough that you can carry it any- 
where. 

And it’s versatile enough that you can use it al- 
most anywhere. STR-LINK has a built-in interface 
that makes it compatible with line printers, 
MODEMs, mini-computers, CRT’s, programmable 
controllers and send/receive printing terminals. 

The key to STR-LINK’s performance is our pat- 
ented Speed-Tolerant Recording, a single-track, 
self-clocked technique that eliminates the need for 
an ultra precise drive mechanism. 


Other features include: 
e 20 MA current loop or RS232C. 


e Read/Write capability at 110, 150, 300, 600 and 
1200 baud. 


e Ability to write at one speed, play back at that 
speed or any higher. 


e 19” Relay Rack-Mount Kit available. 


STR-LINK is available through sales offices in 
over 25 major cities in the U.S. and Canada. 

And best of all, it costs as little as $995 in OEM 
quantities! 

For complete information on the most revolution- 


ary program loader ever, write or call today. 
f ELECTRONIC PROCESSORS 
aus INCORPORATED 


1265 W. Dartmouth Avenue, Englewood, Colorado 80110 
Phone: 303/761-8540 TWX 910-933-0171 


For more information, Circle No. 34 
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Half-rack CVDC modular power supply, being an OTS unit, 
does not penalize small quantity buyer with prototype 
development costs. 


that break-even point lies can be determined only 
when precise specs are established. This gener- 
ally falls somewhere above 300 pieces/month. 


At current prices for materials and labor, off-the- 
shelf power supplies generally cost anywhere 
from 60¢ to $1.25/watt in quantities to 100. Above 
100 the price drops off gradually. Prices for 
custom units are likely to be considerably higher 
in small quantities. 


Thus, instances exist where special com- 
ponents are absolutely mandatory, or where 
purchase quantity permits high-efficiency pro- 
duction of custom devices. Nevertheless, it is 
pointless to waste money and valuable OEM 
engineering time designing something that in 
most cases has already been designed as well as 
the state-of-the-art will allow; proven over and 
over again in actual working applications; and is 
readily available as a standard, off-the-shelf 
‘black box’’ module from your nearby electronics 
distributor. © 


Who ts Rux Tucker? 


Rux Tucker is marketing manager of elec- 
tronic products for Sola Electric Div. of Sola 
Basic Industries in Elk Grove Village, IL. He 
is responsible for market penetration and 


product application for products sold 
through electronic distributors and to elec- 
tronic OEM’s. Rux received his EE degree 
from the University of Illinois and an MBA 
from Loyola University. Outside interests 
include tennis, skiing and photography. 
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revealing truth 
about 
DIGITAL FILTERS 


Shocking? Well, hardly. 
But very definitely in- 
formative. Reader reviews 
of this 6-part series were 
wildly enthusiastic. 

So much so that we now 
offer REPRINTS—a bound 
collection of the whole 
series. A ready, con- 
venient and exhaustive 
reference on an interesting 
and challenging topic. 
Order yours today. Check 
Or money order must 
accompany order. 

46 pages $3.50 postpaid 


(cut along dotted line) 


Digital Filter Series 
221 Columbus Ave. 
Boston, MA 02116 


Please send me_____ 

copies of Designers’ Guide 
to Digital Filters @$3.50 
each. Payment enclosed. 
Make checks Peer to 
EDN. 


Quantity 0-9 $3.50 
Rates 10-99 $2.95 
100 up $2.75 
| Name 
| Company 
| Address 
| City 
State/ZIP 














| 
| 
| 
| 
| 
| 





look into 
our meter, 








Model 4332 (actual size) 


diqilin 


Our 0.43” LED’s are large and easy-to-read, and that’s what you 
buy a panel meter for, but you’re also looking for reliability and 
versatility. You can see that, too, in the 4332. 


See reliability 


That’s an all new monolithi 
reduces component count a 
best reliability of any DPM ava 
we have decided to back it up \ 










A to D converter and MOS chip. It 
power dissipation, giving you the 

ble today. It’s so dependable that 
Mitn.a 2-year warranty. 


and extra power! Model 4332 is a combination DPM and 
power supply. Its oversized supply gives you a power output 
option, +12V & +5V, to run other parts of your instrument. That’s 
not all. Model 4332 gives you 0.05°/o accuracy, 0.005°/o stability, 
1000 megohms input impedance, plus automatic zero and polarity. 
With its interconnection board, it could easily replace the meter 
you’re now using. Find out more today. Call collect (213) 846-1800 
and ask for an applications engineer to discuss your requirement. 


DIGITAL ig INSTRUMENTS 


3521 W. Pacific Avenue, Burbank, California 91505 ¢ (213) 846-1800 





For more intormation, Circle No. 51 
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The EDN Eighth Annual Mobile Trade Show will be on 
the road in January-March 1975. 


This unique “Electronic Components Show” will exhibit products 
and capabilities of these participating companies: 


AVX CERAMICS, Division of Avx Corporation 

BURNDY CORPORATION 

C & K COMPONENTS INC. 

C. P. CLARE & COMPANY 

DATEL SYSTEMS, INC. 

GARRY MANUFACTURING COMPANY 

GRAYHILL, INC. 

T-BAR INCORPORATED, SWITCHING COMPONENTS DIVISION 
WOVEN ELECTRONICS 


[=[D)N] / 221 Columbus Ave. / Boston, Mass. 02116 


We may be visiting your city— or perhaps your own plant site. 
Watch for the detailed tour schedule in our next issue. 
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SITE 


McDonnell Douglas 
McDonnell Douglas 
Western Electric Company 
Emerson Electric 

Bendix Corporation 

_ National Cash Register 

| Honeywell Info Systems 
Recognition Equipment 
E-Systems 

Collins Radio 

E-Systems 

Texas Instruments 

Texas Instruments 
Schlumberger Technology 
Data Point 

IBM Corporation 

Tracor Inc. 

Texas Instruments 
Motorola Inc. 

Honeywell Info Systems 
Sperry Flight Systems 
General Dynamics 
General Dynamics 
Teledyne Ryan Aeronautics 
National Cash Register 
Burroughs Corporation 


> California Computer Products 


Varian Data Machines 
Collins Radio Company 
Philco Ford Corp. 
Rockwell International Corp. 
Northrop Corporation 
General Automation Inc. 
Beckman Instruments 
Hughes Aircraft 

Xerox Corporation 
General Dynamics 
Hoffman Electronics 
Xerox Corporation 


Tentative Site Itinerary 


CITY & STATE 


St. Louis, Missouri 

St. Louis, Missouri 
Lee’s Summit, Missouri 
St. Louis, Missouri 
Kansas City, Missour! 
Wichita, Kansas 
Oklahoma City, Oklahoma 
Irving, Texas 

Grand Prairie, Texas 
Richardson, Texas 
Garland, Texas 

Dallas, Texas 

Stafford, Texas 
Houston, Texas 

San Antonio, Texas 
Austin, Texas 

Austin, Texas 

Austin, Texas 
Scottsdale, Arizona 
Phoenix, Arizona 
Phoenix, Arizona 

San Diego, California 
San Diego, California 
San Diego, California 
San Diego, California 
Mission Viejo, California 
Anaheim, California 
Irvine, California 
Newport Beach, California 
Newport Beach, California 
Anaheim, California 
Anaheim, California 
Anaheim, California 
Fullerton, California 
Fullerton, California 
Pomona, California 
Pomona, California 

El Monte, California 
Pasadena, California 


SITE 


Bell & Howell 

Burroughs Corporation 
Singer Company 

Control Data Corporation 
Xerox Data Systems 

TRW Data Systems 
Hughes Aircraft 

ITT Gilfillan 

RCA Corporation 

Teledyne Systems Corp. 
Burroughs Corp. 
Burrougns Corp. 

Hewlett Packard Company 
Hewlett Packard Company 
Information Storage Systems 
Vidar Corporation 
Philco-Ford Corp. 

Varian Associates 

ltek Corporation 

Ampex Corporation 
Singer Company 

Hewlett Packard 

IBM Corporation 

Storage Technology Corp. 
Honeywell Inc. 

Martin Marietta 

Collins Radio Company 
IBM Corporation 
Honeywell Inc. 

Sperry Univac 

3M Corporation 

Control Data Corp. 
Western Electric Company 
Motorola, Inc. 

Quasar 

Teletype Corp. 

A. B. Dick Company 
Zenith Radio Corp. 


EDN ELECTRONIC COMPONENTS 
MOBILE TRADE SHOW 


CITY & STATE 


Pasadena, California 
Pasadena, California 
Glendale, California 
Hawthorne, California 
El Segundo, California 
Hawthorne, California 
Culver City, California 
Van Nuys, California 
Van Nuys, California 
Northridge, California 
Westlake Village, California 
Goleta, California 
Santa Clara, California 
Cupertino, California 
Cupertino, California 
Mountainview, California 
Palo Alto, California 
Palo Alto, California 
Sunnyvale, California 
Redwood City, California 
San Leandro, California 
Loveland, Colorado | 
Boulder, Colorado 
Louisville, Colorado 
Littleton, Colorado 
Littleton, Colorado 
Cedar Rapids, lowa 
Rochester, Minnesota 
Minneapolis, Minnesota 
St. Paul, Minnesota 

St. Paul, Minnesota 

St. Paul, Minnesota 
Lisle, Illinois 
Schumberg, Illinois 
Franklin Park, Illinois 
Skokie, Illinois 

Niles, Illinois 

Chicago, Illinois 
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[S[D)IN] DESIGN AWARDS 


Full-wave rectifier needs only two precision resistors 


Steve Smith 


Quatt Wunkery, Richmond, CA 


Accurate full-wave rectifiers (otherwise called 
absolute-value circuits) have many uses in analog 
signal conditioning systems. However, most com- 
mon circuits use multiple expensive precision 
resistors. This novel circuit needs just two. 

Op amps A, and Az, plus pnp transistors Q,and 
Q,;, form an operational rectifier with a current- 
mode output. When E,y is positive, the output 









For critical applications, op-amp set current can be reduced to 
minimize offset errors. Remaining error can be nulled by 
injecting current into current-summing node (Point A). 


current path is through A,, D,, R; and Q;. When 
Ej. is negative, path is through A,, D,, R, and Q;. 
In either case, the output current is unipolar, 
being equal to R,Ejy. 

Q,, Qz and Q; form a unity-gain current mirror 
to reflect the current from the pnp collectors 
(which float at + E,y) back to a current-summing 
node. 

A; is a Current-to-voltage converter using R, as 
the scale factor. Since R, and R, alone set the scale 
factor, only these two need be precision resistors. 
All the other resistors can be +10% types. 

Input voltage range is set by the common- 
mode range of the op amps and the breakdown 
ratings of the components. The circuit shown 
easily accommodates a + 10V signal. 

If a high-impedance output (Ey = —|E,,l) is 
desired, delete A;, substitute a resistor (SR,) from 
Q;’s collector to ground, and use any dual op 
amp. 

The circuit shown had a 5-mV output offset 
error, due mainly to op-amp currents. For critical 
applications, one can reduce the set current (by 
raising Rp) to minimize the error. However, this 
will reduce output current capability. You also 


can increase R, to 10.2k (instead of 10k) to 


compensate for the base current of Q, or Q;. 
Remaining offset can be nulled in a reasonably 
stable manner by injecting a small current into the 
current-summing node (Point A). © 


To Vote For This Circuit 
Circle No. 150 


References 


1. Tektronix “Tekscope” Vol. 5, #6, Nov./Dec. 1973. 
2. Jerald Graeme, “Full-Wave Rectifier Needs Only 3 
Resistors,” Electronics, August 8, 1974, p. 104. 


Binary-to-BCD converter implements simple algorithm 


Jim Barnes and Jerry Tonn 
Motorola Semiconductor Products Div., Phoenix, AZ 








To provide visual read-outs, it is frequently necessary 
to convert from a 4-bit binary number (within the 
machine) to a 5-bit external word that is the BCD 
number value from 0 to 15. Various format methods 
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ot performing this conversion appear in current litera- 
ture, but they are usually applicable to large numbers 
of bits and tend to be rather complicated. However, 
in this case, since we have only four binary bits it is 
practical to use a quad, 2-channel data selector with 
an exclusive-NOR function. With it we can imple- 
ment a simple algorithm which applies to the num- 
bers 0 through 15. 
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BINARY BCD 
Dp ¢ ee. FF hl 
6 6 8 6 6 6 8 6 6 0 
688 6 0 6 8 6 1 
6 © i 6 a rrts—SCS 2 
Ct 6 6 8 3 ao : 
°i186 bt 8s oe 
o 8 | =. 6 DD 
OE rr— —Crrs—Cs—CsC. 6 | 
Cs. _ ~~. 7 
 . . a COrr——seBE! 8 
._-. 6 86 so 9 
+ 6 1 0 1 0 6 0 6 bf 
 -._C 1 6 6 ot 
AeA 
=. 1 06 6 Bg 
1 8 1 06 1. Cgc 
=. rr—“‘_O™OCOCis—COWCN 7 ; 
= (1 6 6: & 


rig. 1—Just a piece of wire implements the first equation in each 
set. Variable ‘‘A’’ does not appear in remaining equations. 


From the conversion table (Fig. 1), one can see that 
if the binary number is O through 9, the use of the 
binary number with the half digit being O is indicated. 
If the binary number is 10 through 15 and the half 
digit is one, you must begin counting from zero. In 
the equations shown, the primed numbers are BCD, 
‘““A”’ corresponding to the LSB and “E”’ corresponding 
to the half digit. By inspection, one can see that the 
first equation in each set can be instrumented by just 
a piece of wire. Note also that ‘‘A’’ does not appear in 
the remaining eight equations. Thus, we can elimi- 
nate it from further consideration. This allows us to 
implement the configuration of Fig. 2, where the first 
three binary columns are the binary input (omitting 
the LSB) and_the last four columns are the desired 
BCD bits (again omitting LSB “A”. 

Fig. 3 shows the block diagram and truth table of 
the MC14519 device. It also includes the equation 
for the exclusive-NOR function. Looking at Fig. 4, it 


BINARY BCD 
pm De Bs epee 
6 0 6 eb 6 0 6 8 
B= 6 
fF 8 bo 6 6 8 aoe 
2 0 1) 6 6 8 1 2 ee 
5 60 60. E 0 
4 3 6 0 6 4 8 6 D1 BCE 6 
S Ff 6 + 6 6 & B- 8 
CBC 
6 ) 6 + 6 ob - ye 
7 «is. E 


Fig. 2—Omitting the LSB, (‘‘A’’), produces this reduced truth table. 


is apparent that if the binary ‘‘D’’ signal is used for 
Kz, and the function B+C is used for K,, the proper 
BCD codes will be generated for n’ = 1, 2 and 3 
(Fig. 2), when inputs A, = B, A, =C and A, = A, = 
ZERO). 

For the states n’ = 5, 6 and 7, control inputs K, and 
K, both equal ONE, producing the exclusive-NOR 
function. Desired output B’ = B is generated by con- 


necting input B, to ground (BOO = B). By connecting 
the B signal to input B,, we have the conversion C' = 
COB =C-B + CB. The first half of the equation (C’ = 
C-B) is the desired output. The second half (C’ =C-B) 
are generatea with tne exclusive NOR by connecting 
B, to Vpp and B, to ground, as shown. 

Two remaining cases to evaluate are n’ =O and 4. 
Evaluating n’ = 0 is trivial, since where K, = K, = 


MC14519 
AND/OR Select/Exclusive NOR 


OUTPUT 


CONTROL INPUTS Hep eee 
Bet. | Bad 
0 INHIBIT 
1 TRANSFER B 
0 TRANSFER A 
1 


EXCLUSIVE NOR 





NOTE: 
a e 5 MEANS A. (EXCLUSIVE. NOR) a ; 
Le. A. o8 = A 8 5 B. 


Fig. 3—Equation for exclusive-NOR function is included with this 
block diagram and truth table of the MC14519 Quad 2-channe! 
data selector. 


BINARY BCD 
INPUT 


MC14519 





CONTROL ViC14519 OUTPUTS BCD OUTPUTS 
TY  & K D, D, D, D, BRB £€ D>  £ 
0 «8 0 0 0 0 8) GO 0 @ 6 
1 1 0 A, A, A, A, ] O 0 0 
Zz 3 0 : eo i 2G 
Se 0 1 1 G 9g 
4 @ 1 B, B, B. 6. GO © | 0 
5 7 1 Boom, 8°85, G28, 88 O 0 OG } 
5 3 1 : 1 G © | 
Fo 1 Oo 4 OG 8 


Fig. 4—Just one-and-a-half packages are needed for the complete 
binary-to-BCD converter, 


ZERO, the device is in the inhibit mode, thus forcing 
all outputs to the desired LOW states. Evaluating n’ = 
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THE # MICROPROCESSOR 





Don’t let technology pass you by! Keep up with the most significant breakthrough in 
design since the Integrated Circuit — or even the transistor. Microprocessors are going 
to change your future! 

EDN’suP DESIGN SERIES is the one and only authoritative .P source material for 
designers. And it’s now available in reprint form. Collected together are 1 4 EDN articles, 
in full color, totaling 112 pages. 

As a double bonus, we’ve included in the package a condensed recap of EDN’s 
comprehensive .P MARKET STUDY (selling for $400) plus a complete Microprocessor 
Directory. The directory presents, in impressive detail, the uP technology that’s avail- 
able now to solve your design problems. 

At $6.95/copy, this is a genuine bargain. You can’t afford to be without it. 

Order your copy now. Check or money order must accompany order. Make checks 
payable to: EDN uP Reprints. 

Call Roy Forsberg, (617) 536-7780, for quantity discounts. 


Send to: yuP Reprints EDN Miicropr ocessor Design Series 
EDN Magazine 


221 Columbus Ave. ORDER BLANK 


Boston, MA 02116 


Please send me -~ copies of EDN’s LP series 





Enclosed is $ _(Cost is $6.95 postpaid per complete 112 pg. set.) 
Check or money order must accompany each order. No COD. 
MA residents add 3% Sales Tax. 











Send my 
series to: Name Title 
Company 
Address 
City State ZIP Code 
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4, B = C = ZERO; therefore K, = ZERO results in 
transferring the B, inputs to the device outputs. 
Checking the circuit in Fig. 4, we see that providing 
inputs B, = B, = ZERO, B, = ONE and B, =B=ZERO 


will produce the desired outputs for the case n’ = 4. 


Comparing the truth tables of Figs. 2 and 4, wesee 


the desired binary-to-BCD conversion is uniquely 
accomplished: © 





To Vote For This Circuit 
Circle No. 151 


Digital sample/hold simplifies communications timing 


Alphonso H. Marsh 
Digital Equipment Corp., Maynard, MA 


Often it’s necessary to establish digital data 
communications between two asynchronous, in- 
dependent devices by using a memory buffer. 
The buffer must be of sufficient word length to 
allow accumulation of data from the low- 
frequency input. Simultaneously, it must have the 
capability to output accumulated data to the 
independent, asynchronous output receiver at a 
suitable high-frequency burst. 

Obviously, if the memory is in the process of 
serially outputting an accumulated word, it can- 
not read-in data from the asynchronous input 
without addition of an input location tracking 
scheme and output address sequencing counter. 
However, by using a sample/hold circuit, the 


DIGITAL SAMPLE/HOLD CIRCUIT 






DATA RECEIVER ENABLE 





DATA OUTPUT BURST SHIFT 





INPUT DATA STROBE 





memory address sequencing counter can control 
both input and output operations. If an input 
should occur during the output transmission 
operation, the digital sample/hold will simply 
store the input data bit until the memory address 
sequencing counter is ready for it. 

In the system shown, during output transmis- 
sion the input advance counter pulse (A.C.P.) is 
inhibited. A data bit is read into the memory 
when this bit is HIGH; the counter is advanced 
after the trailing edge. Input data is clocked into 
the sample/hold flip-flop on the rising edge of the 
data strobe pulse. ‘Signal Store at Count 1’ 
causes the memory address control logic to 
strobe its input data in location 1 at the end of the 
output burst cycle. It also advances the location 
counter to Count 2.0 





To Vote For This Circuit 
Circle No. 152 







MEMORY 
(N—BITS) © 





RECEIVER 


Oo 
> 
= 
> 


OUTPUT 
CLOCK 





OUTPUT ENABLE 


1 1 Not i? 2.30 N S Nowe 2. 
MEMORY ADDRESS COUNT= ‘ff i i i U ie | ‘I 2| il il ' [" 


INPUT A.C.P. 





STORE AT COUNT 1 rl 


When an input occurs during output transmission, digital sample/hold stores input bit until the memory address sequencing 


counter is ready to accept it. 
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PROGRESS IN PRODUCTS 





Programmable single-pulse analyzer 
makes 3000 measurements/sec 


PROGRESS IN 
TEST EQUIPMENT 





Combining techniques of both a 
sampling scope and a counter/timer, 
Systron-Donner’s Model 780 is unique in 
that it can measure single-shot or 
nonrepetitive pulses. 


Combining counter/timer and 
sampling oscilloscope  tech- 
niques, Systron-Donner’s Model 
780 Single Pulse Analyzer virtu- 


ally serves as a system measure- 
ment center. Functionally, it’s a 
programmable instrument for 
making digital voltage or time 
measurements on signals with 
repetition rates ranging from 
single transient to 100 MHz. 

Operation may be performed 
manually as a bench unit by 
means of front-panel thumb- 
wheel controls, or remotely 
programmed via a calculator, 
computer or ASCII keyboard for 
automatic test-systems use. Pro- 
gram inputs are through a 
standard bit-parallel, character- 
serial ASCII data bus. 

Unlike waveform § analyzers, 
the pulse analyzer can measure 
single-shot or nonrepetitive pul- 


Thermal printer achieves maximum 
operational flexibility 


PROGRESS IN 
INSTRUMENTATION 


Flexibility, reliability and quiet 
operation are the key features of 
this printer (Fig. Modular 















Fig. 1—Six LED’s are used for Hewlett 
Packard’s Model 5150A thermal printer 
front panel clock display. All clock- 
_ related functions are controlled from the 
front panel. 
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construction allows an almost 
custom design for each job. 
Quiet operation is achieved by 
the use of a thermal printing 
head. The design, proved out in 
other Hewlett-Packard instru- 
ments, is available in either 10 or 
20 column widths. Using a 5x7 
dot matrix, it prints the charac- 
ters at a rate of more than three 


lines/second. 
When connected to an HP 


communications bus, the ther- 
mal printer operates in any of 
three capacities: as a ‘“‘listen- 
only’ device; as an addressable 
listener; and, as a controller, 
sequentially addressing and 
sampling a number of data 
sources. The bus also provides 
systems capability with digital 





ses. This unique ability removes 
the usual need for 1000 pulses/ 
measurement, and permits rapid 
measurement of low repetition- 
rate signals. Checking of a 
memory, for example, can be 
done at 3000 bits/sec. 

Time, voltage and step-sweep 
modes of measurement are 
provided. For multi-channel 
operation, the Model 780 oper- 
ates with an external multiplex- 
er, with up to 10-channel 
multiplexing capability provided 
for through its data interface. 

$14,500. Delivery, 45 days 
ARO. : 

Systron-Donner Corp., 10 Sys- 
tron Dr., Concord, CA 94578. 
Phone(415)676-5000. 

Circle No. 140 
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multimeters, frequency coun- 


ters, power meters, network 
analyzers and a capacitance 
bridge. 


The 5150A mainframe costs 
$800. Price of the ASCII option is 


EDN JANUARY 5, 1975 


$175; the BCD option, $110 (two the clock costs $250. Units are Page Mill Rd., Palo Alto, CA’ 
required for 20 columns). The on the shelf now. 94304. Phone(415)493-1501. . 
scanner adds another $175, and Hewlett-Packard Co., 1501 | Circle No. 141 


HP-35/45 calculator program packages 


come in business card size 


PROGRESS IN 
DATA HANDLING 


For the first time, programs are 
available that permit the HP-35 
and HP-45 to compete with the 
HP-65 and solve problems that 
previously were reserved for 
large computers. The ‘‘New Con- 
cept’”’ uses carefully prepared 
business-card size documenta- 
tion that the user manually 
guides through complex com- 
puter programs. Test theSAMPLE 
and see the potential! (For 
HP-45, use STO, and RCL,.) 
Programs include: quadratic, 
cubic and quartic roots with 











high retiability 
toggle switches 


Proven, reliable McGill detent-action 
mechanisms. Broad selection of ca- 
pacities (from 6 to 20 amp.), terminals 
and circuit arrangements to meet your 
needs. Metal or plastic bats in many 
shapes and colors. Snap-in types to 
facilitate style requirements. Request 
Catalog 89. McGill Mfg. Co., Inc., 
Electrical Div., Valparaiso, Ind. 46383. 
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checks; bisection, Newton’s and 
Lin’s programs for higher order 
roots; unlimited cumulative 
summing, producting and divi- 


sion of complex numbers; 
polynomial evaluation with real 
or complex arguments; etc. 


Pkg. Ill, Economics and Statis- 
tics Programs covers most of 
the HP-70 and 80 functions. 

Pkgs. I, Il or Ill, $3.95 each 


with case. Pkg. I is required for 
full use of Pkg. Il. Specify HP-35 
or HP-45: 
FOS-RCH/Programs,3120 Castle 
Oak Ave., Orlando, FL 32808. 
Phone(305)855-0881. 
Circle No. 142 







C ® Available trom 
e recognized McGill 
‘A Master Switch ee 
ENGINEERED SWITCHES Distributors. icine | 


For more information Circle No. 14 
For demonstration Circle No 15 





For more information, Circle No. 36 
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Get it from 
idal-melerel (nays 
DIVIM 
specialists 


ESSE ccelaes Slelalal:ia) 


More functions/ranges « field proven 
e large displays ® rugged metal 
cases ® high acceptance. e low 
prices » short delivery 


Viodel 70044. All-function unit meas- 
ures dc/ac volts, dc/ac current and 
resistance with excellent overload 
protection. AC response to 100 KHz. 
+0.01% DC accuracy. Optional 
internal battery pack and carrying 
case. Basic price $715. 


Vioce! 7205 26 ranges. Resolves +1 
microvolt DC, 1 milliohm resistance, 
+4 nanoamp current. Measures dc/ac 
volts, dc/ac current and resistance 
with excellent overload protection. 
~0.005% accuracy. Display digits 
over Y2” tall. Lead-compensated 


lated BCD output. 
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For more information, Circle No. 37 


SEMICONDUCTORS 


N-CHANNEL STATIC SHIFT REGISTER IS 
FULLY COMPATIBLE. These shift regis- 
ters are fully TTL/DTL compatible and 
require no external pull-up. IM7733,a 
static 1024-bit shift register, uses 
n-channel gate MOS enhancement 
mode technology and requires one +5V 
supply. Organized in a 1024x1 matrix, 
the devices are pin-for-pin compatible 
with the Signetics 2533 and 113133. 
IM7733CPA (plastic) costs $9.90(100-999), 
0 to 75°C. IM7733CDA (ceramic) is 


$16.80(100-999), —55 to +125°C. Intersil 
Inc., 10900 N. Tantau Ave., Cupertino, 
CA 95014. Phone(408)257-5450. 

Circle No. 150 





LOW-POWER SCHOTTKY USES OPEN- 
COLLECTOR OUTPUTS. Circuit expan- 
sion is featured on 6 TTL NAND gates 
and 2 hex inverters with open-collector 
outputs. Typ. propagation time is 16 nsec 
when driving a 15 pF load. Power 
dissipation is 2 mW/gate at 50% duty 
cycle. Available in both commercial and 
MIL temp. ranges, the devices are 
offered in plastic and ceramic. 
N74LS01A, quad 2-input positive NAND, 
0 to 70°C, 50¢(100). S54LS22F, dual 
4-input positive NAND gates, —55 to 
125°C, $2.20(100). Signetics, 811 E. 
Arques Ave., Sunnyvale, CA 94086. 
Phone(408)739-7700. Circle No. 151 
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8k N-CHANNEL ROM’S ACCESS IN 500 
NSEC. NCM6570, a mask programmable 
8k-bit power select character generator, 
contains 128 characters in a 7X9 matrix. 
The NCM6571 is a preprogrammed 
version of the 6570 ‘with a modified 
USASCII code. NCM6572, also a prepro- 
grammed version of 6570, does not shift 
characters that normally extend below 
the baseline. Mounted in a 24-pin DIP, 
all are fully TTL compatible. $18(100). 
Nitron, 10420 Bubb Rd., Cupertino, CA 
95014. .Phone(408)255-7550. 

Circle No. 152 





CMOS CIRCUIT INCLUDES LINEAR AND 
DIGITAL FUNCTIONS. Two comple- 
mentary pairs of FET’s and 2 inverter 
transistors are contained in the N4007A. 
Aimed at pulse shapers, linear amplifiers 
and threshold detectors, the device 
features flexible input power require- 
ments from 3 to 15V. Power dissipation is 
10 nW, while input current is < 10 pA. 
Temperature range is — 40 to 85°C. 14-pin 
DIP, 47¢(1000). Signetics, 411 E. Arques 
Ave., Sunnyvale, CA 94086. Phone(408)- 
739-7700. Circle No. 153 


SCHOTTKY MSI REGISTER OFFERS 
HIGH SPEED. The AM25S09, a quad 
2-input register, functionally replaces 
the 7485157 and 7458175. The device 
performs the same functions with typ. 
power dissipation of 37.5 mW—a 32% 
reduction. Tested to MIL-STD-883, the 
unit is available in a 16-pin package. 
Prices vary from $18.87 to $4(100), 
according to temp. and package. 
Advanced Micro Devices Inc., 901 
Thompson PI., Sunnyvale, CA 94086. 
Phone(408)732-2400. Circle No. 154 





OPTO ISOLATORS ARE JEDEC REGIS- 
TERED. Using an infrared LED device 
coupled to a silicon planar phototran- 
sistor, the series is similar to MCT2. The 
4N25 and 4N26 have typ. current transfer 
ratio of 50%; the 4N27 and 4N28, 30%. 
Isolation varies from 2.5 to 0.5 kV. 
Collector-to-emitter breakdown voltage 
is 30V min. (typ. 65V) and bandwidth is 
300 kHz. 4N25, $2.95(1-99); 4N28, 
94¢(1000). Monsanto Co., Electronics 
Div., 3400 Hillview Ave., Palo Alto, CA 
94304. Phone(415)493-3300. 

: Circle No. 155 
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SINGLE-CHIP MODEM EMPLOYS FSK. 


This N-MOS device, a 0-600 bps digital 
modem, provides modulation, demodu- 
lation and supervisory control functions 
necessary to implement a serial data- 
communications link. The MC686OL 
operates from a single supply and is TTL 
compatible. Modes of operation include 
full duplex, half duplex and answer only 
and answer/originate. Temperature 
range is from 0 to 70°C. $75(1-24). 
Motorola Inc., Semiconductor Products 
Div., Box 20924, Phoenix, AZ 85036. 
Phone(602)244-3466. Circle No. 156 


IC MULTIPLIER/DIVIDERS HAVE GUAR- 
ANTEED ACCURACIES. Laser trimmed 
and completely self contained, this new 
series of monolithic IC’s provides 1 and 
2% accuracies. Available with differential 
inputs, the units feature 25V/ysec slew 
rate and 1 MHz bandwidth. Overload 
recovery time is 3 wsec and rated output 
is +10V@+5 mA. Output impedance is 10 
while noise is kept at 3 mV rms (10 kHz to 
10 MHz). Prices range from $26 to 
$48(1-24) depending upon temp. and 
accuracy. Burr-Brown, International Air- 
port Industrial Park, Tucson, AZ 85706. 
Phone (602)294-1431. Circle No. 157 





ANALOG FUNCTION ARRAY SIMPLIFIES 
INSTRUMENTATION. Two precision 
comparators, 2 analog samplers and 2 
current sources comprise this 16-pin DIP 
IC. The ER201M can serve -as a 
logarithmic converter for a digital 
display, or can be used in a variety of 
instrumentation applications such as 
precision dual timer/oscillators. Temper- 
ature range is from —55 to 125°C. 
$15(100). Electronics Research Group, 22 
Mill St., Arlington, MA 02174. Phone- 
(617)646-9760. Circle No. 158 








We call it our Series 19 Relay. You'll call it 
one of the most compact and reliable packages 


you’ve ever used. 


Remarkable 10 amp Series 19 relay is 
low in cost, too — less than $1.00 each 
in quantity. But price is only part of 
the story. The Series 19 also offers the 
advantages of miniaturization and the 
capacity to handle heavy switching 
loads. Result: more performance in a 
smaller overall package. Contact ar- 
rangement is SPDT. Rated 10 amps at 
28 vdc or 115 v, 60 hz. Coil voltages 
available range from 3 to 24 vdc. The 
Series 19 is an ideal choice for a multi- 
tude of low level to 10 amp switching 


applications, including remote con- 


trol, alarm systems and many other in- 
dustrial and commercial uses. , 
Equally important, the Series 19 is part 
of a whole family of interrelated low- 
cost relays which will lend themselves 
to multiple usage in the same system. 
Included are: 

Series 10. 
Sensitive, low 
cost, highly reli- 
able SPDT relay 
rated at 3 amps, 
28 vdc. Coil volt- 
ages 3-24 vdc. 
Can be used for a 
wide range of industrial and commer- 





cial control functions and alarm sys- 
tems. 

Series 28. Same as Series 10, but fur- 
nished with.a dust 
cover for use in 
appliance con- 
trols, remote TV 
tuning, industrial 
process controls and similar functions. 
Series 38. DPDT, 3 amp 28 vdc con- 
tacts. Coil ratings 
3-24 vdc. Applica- 
tions include 
business machine 
controls, antenna 
rotor controls, in- 
dustrial process 
controls, etc. 

GP. A miniature general purpose relay 
with 2, 4, or 6 PDT contacts, rated 1, 2 
or 5 amps, 28 vdc 
or-115 v, 60 hz. 
Coil voltages: 
6-115 vdc. Con- _ 
sider the GP for | 
copiers, business 
machines, control 
or alarm systems, 
etc. Available with single or bifurcated 
contacts. 











Send for information. Complete technical data on NAPCC relays 
available on request. Write today. 


NORTH AMERICAN PHILIPS CONTROLS CORP 


spre erick, 





For more information, Circle No. 38 
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EQUIPMENT 





DESK-MODEL PRINTING CALCULATOR 
FEATURES MEMORY SYSTEM. The 
TI-620’s memory allows summation of 
products, quotients or totals into the 
memory register. Numbers may be 
subtotaled and totaled, as well. The 
calculator also multiplies and divides by 
a constant and figures percentages, 
add-on and discount calculations. It has 
full 12-digit capacity. Size of the TI-620 is 
10-1/4 x 13-3/4 x 4-3/4 in. $299.95. Texas 
Instruments Inc., Box 5012, M/S 84, 
Dallas, TX 75222. Phone(214)238-3741. 
Circle No. 159 


LOW-COST PACKAGE JOINS THE TM 
500 GROUP. The 3 plug-ins are the FG 
503 function generator that produces 
‘‘clean’’ sine, square and triangle 
waveforms over a broad frequency 
range; the DM 502 digital multimeter 
that offers an up-to-date mix of ranges, 
including dB; and the DC 504 digital 
counter/timer that features an 80-MHz 
5-digit display, and gives RPM, totalizes, 
and measures periods with high resolu- 
tion. Prices are $325, $295 and $350. 
Tektronix, Inc., Box 500, Beaverton, OR 
97005. Phone(503)644-0161. 

Circle No. 160 


5-MHz FUNCTION GEN. PROVIDES 
SWEEP, AM, FM AND AM/FM. Model 
129’s carrier generator produces sine, 
square, triangle, pos pulse, neg pulse 
and pos sine waveforms from 0.1 Hz to 5 
MHz. An_ internal AM/FM generator 
produces square, triangle and sine 
waveforms from 1 Hz to 1 MHz for 
modulating the carrier generator. The 
carrier may be manually, externally or 
internally gated or triggered. $795. Dana 
Exact Electronics, Inc., Box 160, Hills- 
boro, OR 97123. Phone(503)648-6661. 
Circle No. 161 


LED RETRO-REFLECTIVE PHOTO RELAY 
USES MODULATED LIGHT. In the 
Models 35RRC and 35RRCT, a beam 
splitter separates the incoming and 
outgoing pulsed light beams that are 
emitted by the LED and returned via a 
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reflector. The pulsed light, when 
amplified, operates a 10A plug-in relay. 
The devices operate effectively in any 
ambient light and to 170°F, require no 
maintenance and draw only 2W. <$100. 
Automation Products Mfg., Inc., 2600 
N.W. 1st Ave., Boca Raton, FL 33432. 
Phone(305)391-1881.- Circle No. 162 


50-MHz UNIVERSAL COUNTER FEA- 
TURES AUTORANGING. Model 6250A 
performs frequency, multiple period, 


time interval, ratio and totalizing 


measurements. It provides autoranging 
that selects a max. display resolution, 
both preset and manual trigger-level 
selection, leading-zero suppression, 
25-mV rms input sensitivity, an 8-digit 
display and BCD output of all measure- 
ments. Each input channel has selectable 
attenuator and slope controls. $740. 
Systron-Donner Corp., 10 Systron Dr., 
Concord, CA 94518. Phone(415)676-5000. 


Circle No. 163 





WWVB RECEIVER’S OUTPUT IS PHASE 
LOCKED TO NBS. A _ frequency- 
difference counter and phase com- 
parator enable calibration of frequency 
standards, frequency synthesizers, 
counters and oscillators to NBS accura- 
cy. The Model 8160's frequency- 
difference counter has 0.01-Hz resolu- 
tion and digital readout. There are 
phase-locked outputs at 0.1, 1, 5 and 10 
MHz. $1300. Delivery 90 days ARO. 
Spectracom Corp., 87 Wedgewood Dr., 
Penfield, NY 14526. Phone(716)381-4827. 


Circle No. 164 


X-Y RECORDER FITS SCHOOL AND 
SMALL-LAB NEEDS. Model 7015A is an 
8-1/2x<11-in. X-Y recorder with 3 
ranges—0.01, 0.1 and 1V/in.; mechanical 
pen lift, universal pen holder, continu- 
ous-duty dc servo system and electro- 
Static paper holddown. Slewing speed is 
20-in./sec. $945. Delivery 90 days ARO. 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone(415)493-1501. 

Circle No. 165 


READ PEAK VALUES OF ANALOG 
EVENTS WITHOUT A SCOPE! A peak- 
read option for use with the V/E-13 DVM 
and V/E-20A digital strain indicator 


provides a method of accurately measur- 
ing both recurrent and nonrecurrent 
events. When a dynamic analog signal is 
fed in, an instantaneous comparison is 
made to a previously stored value. When 
the stored value is exceeded, a new 
updated value is immediately displayed. 
Vishay Instruments, 63 Lincoln Hwy., 
Malvern, PA 19355. Phone(215)647-5115. 

Circle No. 166 


WAVEFORM GENERATOR EMPLOYS 
OPTICAL SCANNING. Model CS-1 
produces an electrical signal that 
faithfully reproduces a waveform drawn 
or photographed on a small glass slide. 
The slide is inserted into a slot in the 
front panel, and the pattern is electroni- 
cally scanned, amplified, and made 
available at the output of the generator. 
Frequency range is from 40 to 250,000 
Hz; however, pulse times may be made 
as short as desired. $1725. Electro- 
Physical Research, Inc., Box 817, Sandy 
Hook, CT 06482. Phone(203)426-0148. 


Circle No. 167 


LOW-COST LINEAR IC TESTER MEA- 
SURES 7 PARAMETERS. It measures plus 
and minus bias currents, offset current, 
offset voltage, bandwidth, open-loop 
gain and common-mode voltage. Op- 
tional features include programmable 
power supplies and a built-in oven for 
measuring temperature drift of the 
above parameters. Plug-in circuit boards 
allow simple and rapid testing of most 
existing IC’s, including the new dual and 
quad op amps. $885. Delstad Electronics, 
861 Revere Ave., Bronx, NY 10465. 
Phone(516)586-0238. 


Circle.No. 168 


x 





CMOS LOGIC PROBE INDICATES ‘1,” 
“0’’ OR PULSE CONDITIONS. The probe 
will operate on all complimentary MOS 
logic voltages (3-18V dc) and has its LED’s 
located near the probe tip. Voltages of 
<45% Vpp give a logic “0” indication, 
while those >55% of Vpp give a ‘1.’’ The 
pulse indicator flashes for 0.2 sec each 
time a pulse of 500 nsec or greater is 
present. A 2 MQ input impedance keeps 
circuit loading to a minimum. $25. 
Questronics, Inc., Box 15803, Salt Lake 
City, UT 84115. Phone(801)262-9923. 
Circle No. 169 
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PORTABLE 50-MHz DUAL-TRACE 
SCOPE WEIGHS ONLY 18.5 LBS. In the 
PM3240, remote dc switching for all 
functions makes possible an optimum 
control-panel layout. Key features are an 
8x10 cm screen, 5 mV/div. sensitivity at 
full bandwidth and 10 nsec/div. max. 
sweep rate. The 50-MHz bandwidth and 
7-nsec risetime can be displayed in 
separate, alternate, chopped and X-Y 
modes. Power drain is only 23W. $1470. 
Probes, $90 extra. Philips Test & 
Measuring Instruments, Inc., 400 Cross- 
ways Park Dr., Woodbury, NY 11797. 
Phone(516)921-8880. Circle No. 170 


STEPPING MOTOR INDEXING SYSTEM 
GIVES 5000 STEPS/SEC. The high-speed 
system 260 stepping-motor indexing 
system features compact design 
(6X7.5X7.5 in.), complete control logic 
(slew-jog, forward-reverse, local- 
remote), an adjustable internal clock, 
200 and 400 step/revolution control, 
automatic ramping, a self-contained 
power supply and a 5-digit incremental 
indexer. It needs no dropping resistors 
and is 90% efficient. $1110. Aerotech, 
Inc., 101 Zeta Dr., Pittsburgh, PA 15238. 
Phone(412)963-7470. Circle No. 171 


LINE-POWERED 4-1/2-DIGIT DPM USES 
OPTO-ISOLATED INPUT. With its Beck- 
man display and ratiometric capability, 
the AD2008 measures bipolar voltages 
over a F.S. range of +1.9999V. Accuracy 
is 0.005% of reading +50 pV +1 digit. 
The gain TC is 15 ppm/°C, and automatic 
zero circuitry corrects for zero offsets. 
MOS-LSI logic permits power consump- 
tion of only 4W. $295. Analog Devices, 
Inc., Box 280, Norwood, MA 02062. 
Phone(617)329-4700. Circle No. 172 


SLIDE-RULE CALCULATOR HANDLES 
COMPLEX MATH FUNCTIONS. The 
keyboard on the SR-16 has 10 digit keys, 
a decimal key, 16 function keys and 3 
memory keys. Slide-rule functions 
include reciprocals, squares, square 
roots, raising a displayed number to a 
power, logarithms, raising base 10 to a 
power, raising base e to a power and 
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natural logs. Numbers are displayed (on 
a 12-digit LED readout) in full-floating 
decimal point or scientific notation. 
$99.95. Texas Instruments, Inc., 13500 N. 
Central Expressway, Dallas, TX 75222. 
Phone(214)238-2011. Circle No. 173 


PRODUCTION TEST STATION HANDLES 
DIGITAL LOGIC BOARDS. Model 1010 is 
a high-speed tester with the capability of 
one-pass, GO/NO-GO testing, and is 
program compatible with the larger 
Trendar 2000A production test station. It 
incorporates 128 digital signal sources 
that generate input patterns for the 
board being tested. Signals are gener- 
ated at selectable rates up to 4,000,000 
patterns/sec. $7500. Fluke-Trendar 
Corp., 500 Clyde Ave., Mt. View, CA 
94040. Phone(415)965-0350. . 
Circle No. 174 


UNIVERSAL CASSETTE SYSTEM RE- 
PLACES PAPER TAPE. Model 330 is a 
plug-compatible replacement for all 
paper-tape readers and punches. It 
provides increased reliability, greater 
operating convenience through front 
panel control, and greater speed (up to 
33x faster synchronously and 8333x 
faster asynchronously). Also its packag- 
ing density is higher. Many versions such 
as single or dual transport, FIFO 
buffered at 128 or 256 characters, and 
ANSI/ECMA formatter are available. 
Dicom Industries, 715 N. Pastoria Ave., 
Sunnyvale, CA 94086. Phone(408)732- 


Circle No. 175 





TER READS 0.1° INCREMENTS. The 
Heat-Prober instantly reads the tempera- 
ture of surfaces, liquids, powders or 
gases. There are 15 interchangeable 
probes covering —50 to 500°C or —50 to 
900°F. Accuracy is +0.5%+1 digit. It 
operates from a built-in rechargeable 
battery, or can be line operated. 
Temperature changes are updated 3x/ 
sec. William Wahl Corp., 12908 Panama 
St.,. Los - Angeles, CA 90066. 
Phone(213)391-7234. Circle No. 176 


CRYSTAL CLEAR 
EPOXY CASTING RESIN 





Several transparent Stycast® resins are offered 
for making display embedments or castings. A 
convenient chart is available to aid in selection 
of the most appropriate system. It is yours for the 
asking. 


FOR MORE INFORMATION CIRCLE #9 


LOW-DENSITY 
FOAM-IN-PLACE 
ENCAPSULANT 





ECCOFOAM® FP and FPH are liquid foam-in- 
place urethane systems to provide shock pro- 
tection and give mechanical support to air- 
borne and space-borne electronic components. 
Densities 2 to 26 \lb/cu-ft; no outgassing. 
These encapsulants are spec’d in everywhere 
and have been used in most USS. satellites 
and space vehicles. 


FOR MORE INFORMATION CIRCLE #10 


ECCOMOLD® 
EPOXY MOLDING 
COMPOUNDS 





Comparative physical, electrical and pro- 
cessing properties of Eccomold transfer 
molding compounds are in colorful chart. 
Typical applications are indicated. 


FOR MORE INFORMATION CIRCLE #11 





Emerson & Cuming, Inc. 
CANTON, MASS. 
GARDENA, CALIF. 


NORTHBROOK, ILL. 
Sales Offices 
in Principal Cities 


EMERSON & CUMING EUROPE N.V., Oevel, Belgium 
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COMPONENTS/MATERIALS 





FLAT PACK ROTARY-ARMATURE DPDT 
RELAYS CONSERVE SPACE. The hermet- 
ically-sealed Model 911 relays measure 
only 1/4 in. high. Available in 6, 12, 26.5, 
48 and 76V dc versions, they meet 
MIL-R-5757D requirements. Contacts are 
rated to 1A, 26.5V dc resistive, with life 
expectancy of 100,000 operations at max. 
load. $7-$8. Availability 8 to 10 wks. 
WABCO Aerospace Dept., Swissvale 
PO., Pittsburgh, PA 15218. 
Phone(412)242-5000. Circle No. 177 


SOLVENT SAFELY BREAKS THE HOLD OF 
SUPER GLUES. Stock No. 42,255 allows 
re-alignment of critical gluing work and 
easily removes excess glue from com- 
pleted projects. It also will get fingers 
un-stuck and dissolve super-glue bonds 
from skin, clothing, tools and instru- 
ments. A 1-oz bottle costs $4.25 
postpaid. Edmund Scientific Co., 380 
Edscorp Blidg., Barrington, NJ 08007. 
Phone(609)547-3488. Circle No. 178 








PRECISION POTS BENEFIT FROM A 
DUAL RESISTIVE ELEMENT. These hybrid 
pots combine the advantages of both 
wirewound and conductive plastic ele- 
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ments. They are produced by coating the 
wiper path or the entire element of a 
wirewound with conductive plastic. 
Wear characteristics resemble those of 
conductive-plastic pots but performance 
is similar to that of W.W.’s. Current 
production is limited to custom designs. 
New England Instrument Co., 14 Kendall 
Lane, Natick, MA 01760. Phone(617)873- 
9711. Circle No. 179 


SILICON TRANSIENT SUPPRESSOR LINE 
SPANS 6V TO 200V RANGE. Models for 
either symmetrical or unidirectional 
circuit protection are available. They 
dissipate 500W (1 msec) in DO-35 
packages or 1500W (1 msec) in DO-41 
packages. Breakdown voltage tolerance 
is +10%, and the dynamic impedance is 
1.5 to 175Q depending on breakdown 
voltage. Unidirectional, $3.55; bi- 
directional, $6.65 (100-999). Mi- 
crosemiconductor Corp., 2830 S.Fairview 
St; Santa Ana, CA 92704. 
Phone(714)979-8220. Circle No. 180 








COMPACT OPTO FIT 
HIGH-DENSITY REQUIREMENTS. The 
OPI 110 consists of an npn silicon planar 
phototransistor coupled with a_ high- 
efficiency GaAs IR emitter mounted in a 
0.3-in.Dx0.5-in.L plastic package. It 
features 10 kV isolation, typical current- 
transfer ratio of 40% with 10 mA input 
current, and typical switching time of 4 
usec. $2.90(1000). Optron, Inc., 1201 
Tappan Circle, Carrolton, TX 75006. 
Phone(214)242-6571. Circle No. 181 


ORANGE LED DISPLAYS JOIN GREEN, 
RED AND YELLOW. The MAN3600 series 
of 0.3-in. orange digits has the same 
mechanical configuration as comparable 
units in the MANS5O series (green), 
MAN70 series (red), and MAN80 series 
(yellow). Also, OEM prices will be the 
same at the 1000-qty. level. Intensity is 
typically 1200 mcd at 10 mA/segment. 
MAN3600 is housed in 0.4-in. wide 
packages with leads on 100-mil centers. 
$2.20 (1000). Monsanto Commercial 
Products Co., 3400 Hillview Ave., Palo 
Alto, CA 94304. Phone(415)493-3300. 
Circle No. 182 












“FUZZ ’ CONTACTS SOLVE 
CONNECTION PROBLEMS. FUZZ BUT- 
TONS are resilient, low-impedance, 
multipath contact elements produced by 
die compressing a charge of cohesive, 
fine knitted wire mesh to a desired shape 
and density. They provide low resis- 
tance, redundancy of contact and 
mechanical compliance. Standard mate- 
rials include gold-plated copper silver, 
gold-plated beryllium silver, Monel and 
silver-plated brass. Technical Wire 
Products Inc., 129 Dermody St., Cran-- 
ford, NJ 07016. Phone(201)272-5500. 
Circle No. 183 


ECL PACKAGING BOARDS ACCOMO- 
DATE SIP RESISTOR NETWORKS. Desig- 
nated ECL21, 25 and 26, the boards 
correspond to the ECL1, 5 and 6 series 
(except for the resistor module provi- 
sion). The SIP modules contain 7 
resistors, with 1 lead common for 
connection to a —2V bus. Resistors are 
generally 1200, 1/8W. From $1.83 to 
$3.39/pattern. Augat Inc., 33 Perry Ave., 
Attleboro, MA 02703. Phone(617)222- 


2202. Circle No. 184 





S PROTECT BOTH WAYS, 
COST LITTLE. Series JX5100 general- 
purpose power line filters protect 
equipment from line noise as well as the 
line from equipment noise. They control 
line-to-ground interference and filter 
both sides of the line. U.L. recognized 
for operation at 125 or 250V ac, they are 
available in a wide variety of current 
ratings (1 to 30A) and terminal configura- 
tions. Line-to-ground capacitance is only 
0.01 wF, and max. leakage current is 0.5 
mA. Sprague Electric Co., Marshall St., 
North Adams, MA _ 01247. Phone 
(413)664-4411. Circle No. 185 
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SINTERED-ANODE TANTALUMS RESIST 
FLOW-SOLDERING DAMAGE. With 
their reliable TFE-fluorocarbon elas- 
tomer seal, Type 146D Tantalex® capaci- 
tors offer outstanding resistance to 
temperature cycling and_ permit 
trouble-free flow-soldering. They are 
available in 3 case sizes, in voltage 
ratings of 6 through 60V dc at a 


temperature of +85°C, and with capaci- 
tance ratings from 1 through 470 uF. 





Capacitance tolerances of +20% o1 
+10% are standard. Sprague Electric 
Co., North Adams, MA _ 01247. 
Phone(413)664-4411. Circle No. 186 


TRANSIENT VOLTAGE PROTECTORS 
GUARD 5V LOGIC. Two JEDEC- 
registered TransZorb® transient voltage 
suppressors are offered: the IN5907, a 
glass to metal, hermetically-sealed 
device for military applications, and the 
molded IN5908 for commercial use. Both 
feature high energy-suppression capa- 
bility—15 kW for 10 psec or 1.5 kW for 1 
msec. Their theoretical response time is 
<1X10"? sec. 902(10,000). General Semi- 
conductor Industries, Inc., 2001 W. 
Tenth Pl., Tempe, AZ _ 85281. 
Phone(602)968-3101. Circle No. 187 


METAL-FILM RESISTORS MEET AND 
EXCEED MIL-R-10509 SPECS. Type VM 
epoxy-coated resistors feature a high 
evaporation of metal alloy on ceramic 
substrate with gold end bands. Charac- 
teristics C, E and F are available in 1/8, 


1/4, 1/2, 1 and 2W sizes. Tolerance 
ranges from 1 to 0.1%, while TC’s of 
+25, +50 and +100 ppm are offered. 
Vermont Precision Resistor Co., Box 
1170, Stowe, VT 05672. Phone(802)253- 
Circle No. 188 


8567. 
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DIPPED SOLID TANTALUMS DELIVER 
LONG SHELF LIFE. Units of the T390 and 
1392 Series are offered with CV range of 
0.1 to 680 wF, 3 to 50V dc. They may be 
specified in either 0.1 or 0.2-in. lead 
spacing to fit 0.1-in. pc-board grids. 
Standard tolerance is +20% (+10% and 
+5% available on special order). A 
typical 1 wF 35V, +20% capacitor will 
cost from 10¢ in OEM quantities to 50¢ in 
quantities below 50 pieces. Union 
Carbide Corp., Box 5928, Greenville, SC 
29606. Phone(803)963-6300. 





Circle No. 189 


the pointer-meter 
killer $49.95 


In OEM aty. 






Full three digits. 
Less than 1” high. 
0.31’’ LED display. 
Easy to stack. 


THE PM-3 DPM 


Lowpower <%2W 
Automatic zeroing. 








Edgewise configuration. 
MOS/LSI construction. 
LED digital display. 

Programmable decimal. 


| ‘Two remarkable film capacitor 
types. Only from Paktron. 


Axial lead polyester and polypropylene Micromatic® capacitors. 
Self-encased—wound on their own leads. Radial lead Filmatic® 
capacitors with Rippleweld® lead attach process. Modern plants 
in Vienna and Lynchburg, Virginia. For free catalog, write: 
PAKTRON, Division Illinois Tool Works Inc., 

900 Follin Lane, S. E., Vienna, Virginia 22180. 

Phone (703) 281-2810. TWX 710-833-0682. 


PAKTRON 


Talae)’cs\elasmlamiliaamersley-eice) es 


The Innovative Electronic Group of ITW... 
PAKTRON «# LICON #* HMCON olttinois toot works Inc. 1974 








PM-3 options Event Counter e Range change 
Display dimming/inhibit e Scaling/zero offset 
BCD outputs e Ammeter 

e 


Ratiometer Choice of display colors 


Call your nearest Marshall distributor or NLS at 714 + 
755-1139 (TWX 910-322-1132). 


Non-Linear Systems, Inc. 


Originator of the digital voltmeter. 
Box N, Del Mar, California 92014 





For more information, Circle No. 40 For more information, Circle No. 41 
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G electrocube CQ|PAcitors COMPONENTS/MATERIALS 


_..are now available in multiple-unit Dual In-Line Packages 

(DIP). These unique 14 and 16-pin units will accommodate 

up to 8 capacitors, in various dielectric and capacitance combina- 

tions, for use in either automatic inserting or standard plug-in sockets. 

The packages save PC board space, inventory and han- 

dling time, and assembly costs. Get complete information 

today on these Skinny DIP’s from Electrocube, 1710 So. 

Del Mar Ave., San Gabriel, CA 91776, (213) 283-0511; 
TWX 910-589-1609. 

FREE... .aata file 


GBike 2g 











PROXIMITY SWITCH SENSES ONLY 
NONFERROUS METALS. Operating di- 
rectly from 120V ac, Model 525 typically 
will sense aluminum at a distance of 1/4 
in. and reliably switch up to 100W of 
power. No external power supply or 
amplifier is needed. The housing is steel. 
It measures 1X3-1/4 in. and accepts 
standard 1/2-in. conduit fittings. Switch- 
es are sensitive at the front face only. 
Both N.O. (Model 525-A) and N.C. 
(Model 525-B) outputs are offered from 
stock. TEPCO, 52500 Southdown Rd., 
Utica, MI 48087. Phone(313)731-4267. 


Circle No. 190 


| COLD-CATHODE REGULATOR/REFER- 
ENCE DIODES OUTSHINE ZENERS. 
- ZD-series devices offer +1V regulation, 
os Se current range and TC superior to those 
scat Raed of zeners, and operation at currents up 


> : to 10 mA without failure. Power surges of 

key tron 1¢ keyboard >50W can be handled. Available voltage 

and tolerance ratings are from 82 to 145V 

| customers and 1 to 20%. The housing is a glass 

envelope 1.0625-in.Lx0.244-in. max. dia. 

Peet gage am hers RRMRUAVAGE “usoeee ston’ eheetiNgs Signalite, 1933 Heck Ave., Neptune, NJ 
BAA Hazeitine Infoto ease 2 38-2 sees bscs? Sag 8 : : P : 

midis CROFORM Ponnvac OVER 3 Yokes “eee 3 Seeed | 07753. Phone(201)775-2490. 
DATA SYSTEMS, INC. 3 MERGENTHALER LINOTYPE COMPANY, INC. Ci | N 191 
[qj Microdata SINGER ircie NO. 

RL AllenInc. ilothini fal HUGHES _ BUSINESS MACHINES Quotron (Sonxen 

seas aH. os SYCOR, INC. 

: AMF & p 


BEEHIVE MEDICAL 
ELECTRONICS INC. GaerGmaren JO 


MGD Graphic Syst = <2 a . 7 AO 
raphic Systems Division (ay Wad 
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Rockwell International 





R Westinghouse Electric Corporation CONTROL DATA 


Devicesinc eee FOUR-PHASE SYSTEMS. INC 
CUTLER-HAMMER = Bell Telephone Laboratories 
Defense ‘ 
3M pay Rea OE 
incorporated COMPANY TRACOR Electromagnetic and Aviation Systems HARRIS 


Bi] ANDERSON JACOBSON, INC. —_" A 
(© General Teletronics ANM ARBOR 
INFORMANON SYSTEMS — incorporated (AX Advanced 9 | T= RMINALS INC 


INCOTERMA | Ye cCoLing Division Diablo CONRAC 


CINCINNATI National Semiconductor Corporation 
¢ MILACRON wy AS 








Burroughs Corporation 





TEXAS. INSTRUMENTS HEWLETT hp PACKARD 


INCORPORATED : oe 


PERAUY NE} Fon wot EYASAOTS 
RECEIVE: 


QUALITY FIVE YEAR GUARANTEE 











NOW THE 555-SERIES LED COMES WITH 


DELIVERY WHEN YOU NEED IT PARALLEL OR 90° LEADS. The 555-3xxx 
PRICE NO ESCALATORS models have the pins coming out parallel 

to the LED so that when the unit is 
inserted onto a pc board the lamp faces 
directly upward. Pins in the 555-2xxx 
soe FABRICATION ALL IN PLANT models emetee te 
indicators fit side by side in 1 in. of 

space. Typical prices: 555-200x, 62¢ and 
key tronic corporation 555-300x, 68¢. Dialight, 203 Harrison PI., 
BUILDING 147 SPOKANE INDUSTRIAL PARK Brooklyn, NY 11237. Phone(212)497-7600. 
TELEPHOWE (508) 228-8000 TWX 510 773-1885 Circle No. 192 
For more information, Circle No. 43 
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SERVICE REGIONAL APPLICATION 
ENGINEERS 





FIXED OR VARIABLE DELAY INTERVAL 
TIMERS ARE ALL S.S. Series SDS 
solid-state timers are available in fixed 
and remote adjustable delay ranges with 
lower limit of 0.1 sec and upper limit of 
480 sec. Action is spst, delay on make. 
Available models accept inputs from 24 
to 230V ac and 24 to 110V dc. Reset time 
is 50 msec during and after timing and 
the output rating is 1A ac and 100 mA dc. 
Syracuse Electronics Corp., Box 566, 
Syracuse, NY 13201. Phone(315)488-4911. 

Circle No. 193 


MEASURE FORCE, OR PRESSURE, ON 
AN OHMMETER. Microducers are small, 
low-cost force transducers that exhibit a 
resistance change with applied force. 
They feature long life, high repeatability 
and low hysteresis. Modules are avail- 
able in force ranges from 0-1 Ib. to 0-5000 
Ibs. Resistance change is typically 50k to 
100 kQ. I. T. Marketing, Box 6359, 
Anaheim, CA 92806. Phone(714)630-2601. 

Circle No. 194 





EDGE-READING CONTROL METER IS 
ONLY 7/8-IN. THICK. Completely rede- 
signed, the ER-35 contactless meter is 
available with 1 or 2 set points and 


provides 4 control switching configura- 
tions. Both horizontal or vertical displays 
are available. The redesign is said to 
provide improved switching and a more 
reliable meter movement. Airpax Elec- 
tronics, Box 8488, Ft. Lauderdale, FL 
33310. Phone(305)587-1100. 

Circle No. 195 


WROUGHT-GOLD TERMINAL INLAYS 
CUT LSI SOCKET COSTS. Two 24-pin 
sockets, designated R724 and R724-2, use 
wrought-gold strips, metallurgically 
bonded to the copper-nickel alloy 
contacts. The smooth surface of the 
wrought inlays gives lower contact 
resistance than the porous surface of 
conventional gold plate. The R724 
sockets are 0.28-in. H, while R724-2 is 
0.15-in. H. $1.50 and 88¢ (100 to 500), 
respectively. Vector Electronic Co., 
12460 Gladstone Ave., Sylmar, CA 91342. 
Phone(213)365-9661. Circle No. 196 





LEADLESS CERAMIC PACKAGE SNAPS 
INTO A CONNECTOR. The edge- 
connector package fits most popular 
pin-connector devices and is similar to 
standard DIP ceramic packages except 
for the absence of leads. Its main 
advantage is the flexibility it provides in 
allowing replacement of the chip 
without tampering with the pc board. 
Sizes include 40, 28 and 24 leads. Plessey 
Inc., 8th and Harrison Sts., Frenchtown, 
NJ 08825. Phone(201)996-2121. 

Circle No. 197 


FEP HEAT-SHRINKABLE TUBING WITH- 
STANDS 400°C. FIT-400 FEP Teflon® 
tubing shrinks at a 2:1 ratio, (50%) at 200 
to 350°F. It is available in 18 sizes from 0 
to 24 AWG, and in packaged assortments 
of 6-in. lengths. Alpha Wire Corp., 711 
Lidgerwood Ave., Elizabeth, NJ 07207. 
Phone(201)925-8000. Circle No. 198 

















The higher a counter’s sensitivity and the wider 


| the frequency measuring range, the more noise 
| IS Superimposed on signals, right? Wrong. Not 


with high-input sensitivity/ wide frequency range 
counters from T.R.I. You get noise-free meas- 
urement of even weak signals. 


Model: 5108 
Frequency Counter $950 
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550 MHz measuring capability for $950 


Model 5108. Measures up to 550 MHz. 10 mVrms input 
sensitivity. Built-in automatic noise suppression. And a 
clear 9-digit display. Plus 5 x10~8/day stability. All for 
$950. How’s that for economy? And how’s this for 
flexibility, it's size-right for field use. Also a good choice 
for bench and systems applications. 


Model:5104 
Universal Counter $519 













60 MHz measuring capability for $519 
Model 5104. A money-saver. Has a low-pass filter in the 
input to suppress noise. Measures up to 6GOMHz. 50 
mVrms input sensitivity. In addition to frequency, use it 
also to measure time intervals, frequency ratios, and to 
totalize. Weighs a carry-around 9.3 Ibs. No other counter 
offers so much so economically. 














T.R.1. Corporation 


505 West Olive Avenue Sunnyvale, CA 94086 
(408) 733-9080 


For more information, Circle No. 44 
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COMPUTER PRODUCTS 





MULTI-TALENTED INPUT AND DISPLAY 
SYSTEM DOES IT ALL. The TD 820, built 
around a CRT, can be equipped with 
cassette tape stations, mini-discs, line 


printers and 3 different keyboards. 
Special display features include conven- 
tional white on black, black chars. on a 
white background, or a mixture of both. 
Additional capabilities permit blinking 
and “blank video.’’ Optional magnetic- 
card reader prevents unauthorized use 
of the system. 960-char. is $6250, 
1920-char. is $6800. Burroughs Corp., 
Detroit, MI 48232. Phone(313)972-7083. 
Circle No. 199 


RUGGED ,»P WITHSTANDS HARSH 
ENVIRONMENT. The ASC pP has been 
ruggedized to withstand vibration, 
shock, EMI/RFI, humidity and tempera- 
ture extremes beyond the capabilities of 


commercial computers. The heart of the: 


system is the Intel 8080 processor and 
associated components. Provision is 
made within the enclosure for optional 
I/O modules. The package is a standard 
ATR enclosure of 7-5/810-1/816 in. 
Applied Systems Corp., 24601 Harper, St. 
Clair Shores, MI 48081. Phone(313)779- 
8700. Circle No. 200 


UNINTERRUPTIBLE POWER SYSTEM 
SOLVES LINE PROBLEMS. The DSU 710 
is an on-line UPS designed to maintain 
conditioned ac power to critical com- 
puter systems. It is a complete 
self-contained system including battery 
charger, battery reservoir and output 
inverter regulator. Output from the DSU 
is an isolated 117V ac +5% sine wave. 
Standard accessories include alarm 
indicators and automatic switching. 
$1425. Deltec Corp., 3849 Gaines St., San 
Diego, CA 92110. Phone(714)297-4466. 


Circle No. 201 
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REMOTE FRONT PANEL AVAILABLE FOR 
PDP-8/e. Model RFP-80 is a small 
calculator-type keyboard with 7-segment 
LED octal display. It performs remotely 
all of the standard functions of the 
PDP-8/e programmer’s console. Current 
memory address and selected register 
contents are displayed continuously. 
The package includes the bus plug-in 
interface circuit board, a thin 10 ft 
interconnecting cable and a plexiglass 
front panel replacement. $700. Douglas 
Electronics, Inc., 718 Marina Blvd., San 
Leandro, CA 94577. Phone(415)483-8770. 

Circle No. 202 


STAND-ALONE PRINTER REQUIRES 
MIN. MAINTENANCE. The compact, 
5010 data terminal prints 34-char. lines at 
a rate of 110 char./sec. There are no 
moving parts when the unit is idle, thus 
reducing wear and insuring min. 
maintenance. The unit uses a 5X7 matrix 
to form the 64 ASCII alphanumeric and 
symbolic chars. in 2 colors on standard 
3-3/4-in. adding-machine paper. Size is 
12X18 X6-1/2 in. Wt. 16 Ibs. $1195. Victor 
Comptometer Corp., 3900 N. Rockwell 
St., Chicago, IL 60618. Phone(312)539- 
8200. Circle No. 203 


TELETYPE MULTIPLEXER IS SAID TO 
REDUCE COSTS. Six teletype signals can 
be multiplexed to 1 high-speed printer 
through this HC-650 multi-channel 
concentrator. Memory units store data 
until a full page has been accumulated. 
Each channel’s data is then printed out in 
a switch-selectable sequence or by 
previously assigned priorities. The con- 
tinuously adjustable inputs and outputs 
are 50 to 150 wpm and 100 to 2000 wpm, 
respectively. Honeywell Information 
Systems, 3602 W. Waters Ave., Tampa, FL 
33614. Phone(813)932-5331. 

Circle No. 204 


PROGRAMMABLE CONTROL SYSTEM 
IMPROVES RELIABILITY. It includes a 
256 word pROM memory, expandable to 
2048 words; eight 115V ac input 





functions; and 8 output functions. The 
number of inputs and outputs is 
expandable to 256 functions in any 
combination. A separate programmer 
that uses simple relay ladder symbology, 
and a diagnostic card for easy machine 
and control troubleshooting are avail- 
able options. $1189. Barber-Colman Co., 
1309 Rock St., Rockford, IL 61101. 
Phone(815)877-0241. 


Circle No. 205 





PRINTER PACKAGE OPERATES WITH 
VARIAN DATA MACHINES. Series 620 
can be used with Varian operating 
system software without any modifica- 
tions. The user receives a 100-cps 
printer, Varian interface card, diagnos- 
tics and a 15-ft cable. The printer can be 
supplied with either upper-case (only), 
or optional upper/lower-case character 
sets. Adjustable tractors allow paper 
width from 4 in. through 14-7/8 in. $4750. 
Printer Technology, Inc., Sixth Rd., 
Woburn Industrial Park, Woburn, MA 
01801. Phone(617)935-4246. 


Circle No. 206 





DUAL FLEXIBLE DISC DRIVE FITS INTO 
SINGLE UNIT SPACE. Series 10, Model 12 
dual diskette drives offer copy capability, 
6.2M bit capacity, IBM 3740 compatibility 
and ceramic/ferrite heads for longer 
diskette life. The unit can be mounted in 
a vertical, on-edge or flat position. 
$1100. Diablo Systems, Inc., 24500 
Industrial Blvd., Hayward, CA 94545. 
Phone(415)783-3910. Circle No. 207 
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uP AND TERMINAL COMBINE FOR 
INCREASED INTELLIGENCE. Model OP-1 
terminal contains 3 built-in wP’s. The 
CPU is user programmable and allows 
operation with various host computers. 
The display wP performs fast roll/scroll 
and full screen-erase operations. Video 
reversal, blinking and half intensity are 
program controlled. The display is a 
window into memory. The I/O wP 
manages all data transfers on a cycle 
steal basis. $2285 (100). Delivery 90 days 


ARO.» Ontel:Corp.;.. 3° Fairchild Ct., 
Plainview, NY 11803. Phone(516)822- 
7800. Circle No. 208 


DEBUG CONSOLE PERMITS FAST 
TROUBLESHOOTING. The F801 is a 
hands-on program debugging tool for 
the PDP-11. It allows users to stop or 
interrupt the system at any point for 
examination of its various elements, and 
offers a unique backward look at the last 
16 addresses that appeared on the 
UNIBUS®. It occupies 5-1/4 in. of panel 
Space and mounts in a standard DEC 
cabinet 19-in. rack. $1200. Formation, 
Inc., One Computer Dr., Cherry Hill, NJ 
08003. Phone(609)424-1713. 

Circle No. 209 
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POWER SOURCE DRIVES 4k RAM’S 
FROM SINGLE 5V DC SUPPLY. RAM- 
PAC? power sources supply +12V +50 
mV at 550 mA; —3V, —5V or —9V +150 
mV, at 10 mA; and an optional clock 





boost voltage of +15V at 25 mA. Load 
regulation is 175 mV at +12V and 100 mV 
on negative voltages. Output ripple is 
150 mV p-p over 20 MHz BW. Units are 
short-circuit protected and operate over 
a range of 0 to 70°C. 2.8X2.8x0.4 in. $65. 
Reliability, Inc., 5325 Glenmont, Hous- 
ton, TX 77036. Phone(713)666-3261. 


Circle No. 210 





SINGLE CARD TAPE FORMATTER HAN- 
DLES UP TO 8 TAPE DRIVES. Model 
86008 accepts 8-bit parallel bytes, and 
converts them to the required phase- 
encoded serial format. Preamble, post- 
amble and CRCC are generated in- 
ternally during write operations and 
automatically removed during reading. 
The tape formatter provides all logic to 
read backwards and to justify the bits ina 
byte, plus it performs forward and 
reverse search for file marks. $570. 


Delivery is 3-4 wks. Qantex, 200 Terminal 
Dt. 
Phone(516)681-8350. 


Plainview, NY 11803. 
Circle No. 211 








MEMORY BUFFER INCREASES CPU 
EFFICIENCY. Model 4511 provides a 
high-speed memory enhancement for 
the PDP 11/45. It will buffer the entire 
124k words of main core memory at 
MOS speeds of 450 nsec—in lieu of the 
32k words max. presently available from 
DEC. The plug-compatible design util- 
izes bipolar technology with 512 words 
by 16 bits of available storage. $11,810. 
Fabri-Tek Inc., 5901 S. County Rd. 18, 
Minneapolis, MN 55436. Phone(612)935- 


8811. Circle No. 212 


For A Choice 


Of Printed Circuit 


Mountable 
Connectors 


Miniature and Sub-Miniature 








<2 SMPL 
e= SERIES 








GMPL 
SERIES 










GM 
SERIES 


Contact Positronics! 


We offer both miniature and 
subminiature Pin and Socket 
Connectors for Printed Circuit 
mountable applications. 

Right angle or _ vertically 
mounted styles are offered as 
standard and provide an easy 
way to make direct cable con- 
nections to a P/C_ board or 
flexible circuit. Greater contact 
densities can also be achieved. 

Standard GM and SGM 
series connector accessories such 
as guides, threadlocks, and vibra- 
tion locks are used on the 
SMPL and GMPL connectors so 
they can be mated with a stan- 
dard GM or SGM series cable 
connector. 

Contact configurations 
range from 5 to 50 contacts. 
Amperage ratings are 5 and 7% 
amps. 


AVAILABILITY: TWO TO FOUR WKS. 
LOWEST COST PER CONNECTION. 





wi Positronic 
Industries, Inc. 


1906 South Stewart 
CONNECTOR Springfield, Mo. 65804 
DIVISION 417 883-3434 


Representatives and Distributors 
located in all principal cities. 
Send for Catalogs. Samples 
available for specific applications. 


For more information, Circle No. 45 
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glass eenled de oa . ; \@ 1p uve a - PDP-11 USERS NOW HAVE A SECOND- 
different formul XN \aal Ni ff SOURCE DISC DRIVE. All AED 2200 
| \A \ie / hardware, software and media are Xx 
; wal < . \\ WEL Vibe if directly interchangeable with DEC’s 
In engineering — \Nae . _ RK-11/RK-05, 03 system. The controller 
manufacturing ¢ : | . plugs directly onto the PDP-11 Unibus®. 
It can carry out overlapped operations 
and has NPR and DMA features. Average 
random move is 70 msec, and the data 
transfer rate is 11.1 wsec/word. $5500(10). 
Advanced Electronics Design, Inc., 754 
N. Pastoria St., Sunnyvale, CA 94086. 
Phone(408)733-3555. Circle No. 213 


Engineering. 
Write for additional 
information. 


DISC CONTROLLER FOR PDP-11 IS 
FULLY IBM COMPATIBLE. The controller 
will interface up to 4 ORBIS Model 74 
Diskette Drives to the PDP-11. It features 
overlap seek for faster throughput and 
IBM standard 26 sectors/track. Sector 
search, correction of track position and 
CRC generation and check are accom- 
plished by hardware. Hardware gener- 
ates all gaps, sync bytes, preambles, CRC 
bytes and postambles. Orbis Systems 
Inc., 3303 Harbor Blvd., Bldg. K4, Costa 
Mesa, CA 92626. Phone(714)556-8450. 
Circle No. 214 








180-PAGE 4k RAM’S ALLOW HIGH-DENSITY, 
GENERAL LOW-POWER MEMORY SYSTEMS. The 
. Monostore VII/modular memory system 
CATALOG is designed around a 4096x1 N-MOS 
dynamic RAM with max. capacity of over 

No. 30 3.5M bits. Systems are TTL compatible 


d includ iming, |, add 
THE HARRINGTON & KING |) 227,003 timing, contol, address 
PERFORATING CO., INC cicuitry. Access time is 500 nsec; cycle 
89 e : A E 


time is 700 nsec. Nominal supply 


CHICAGO OFFICE AND WAREHOUSE EASTERN DIVISION voltages are +12, +5 and —5V dc. 

5650 Fillmore Street E. Crescent Ave. at Arrow Rd. Monolithic Systems Corp., 14 Inverness 
Chicago, Illinois 60644 | Ramsey, New Jersey 07446 Dr. ; East, Englewood, (CQ. e010... 

Phone(303)770-7400. Circle No. 215 





For more information, Circle No. 50 
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Edward G. Crosby and 
Stephen N. Kochis 


Product designers, manufacturing 
engineers, mold designers, students, 
and others will find this volume of great 
value. Users who need information will 
find data accumulated through actual 
experience in the plastics industry. 
Engineers and designers will find use- 
ful information on various plastics ma-- 
terials, their limitations and outstanding 
features, also their physical, electrical, 
and chemical properties. This book will 
also serve as a reference in resolving 
manufacturing problems associated 
with material change, redesign of exist- 
ing parts, and new parts release. 
Illustrated. 208 pp. cloth PGCR $14.95 











CAHN 


Ed 


89 Franklin Street, Bosto 


Please send me ________ copy(ies) of 
| PRACTICAL GUIDE TO PLASTICS 
APPLICATIONS at $14.95 each. If not 
satisfied | may return the book(s) with- 
in 15 days for full refund. ne 
CJ Enclosed is my check for $____ 
(Publisher pays postage) 3 | 
CJ Please bill (J Charge to my Master 
| Charge Acct. # 


Name 
megress 6 Se  Ppone | 
City/State/Zip 


Signature 


Massachusetts residents add 3% sales tax 
$58/MO10801 : 
































12-DIGIT BADGE READER READS AC- 
CESS CODE AND EMPLOYEE ID. Three 
access digits to open locks and 9 ID 
digits for print-out record are provided 
by the SCR-1012 badge reader. Mechani- 
cal sensors detect the badge’s Hollerith 
code and actuate remote, full-wiping 
electrical contacts. Readout is of the 


static type providing parallel outputs for 


scanning at computer speed. Sealectro 

Corp., 225 Hoyt St., Mamaroneck, NY 

10543. Phone(914)698-5600. | 
Circle No. 216 


PORTABLE DIGITAL DATACASSETTE 
PROVIDES VERSATILITY. Standard fea- 
tures of the 8410 include storage of 
145,000 char./cassette; switch selectable 
speeds to 2400 baud; full remote 
control; automatic sensing for CR delay; 
fast forward mode; and a 120 ips rewind 
speed. This compact recorder is plug- 
and speed-compatible with many send/ 
receive devices employing serial data 
interfaces. $760 in OEM _ quantities. 
Delivery 45 days ARO. Techtran Indus- 
tries, Inc., 580 Jefferson Rd., Rochester, 


“NY 14623. Phone(716)271-7953. 


Circle No. 217 


OEM MATRIX PRINTER CONSERVES 
SPACE AND MONEY. The CDC 9316 
printer handles 1-to-5 part, 4-to-16.75-in. 
forms. Front impacting the forms 
eliminates hammer framing (blocking) 
and adjacent char. ghosting. A full-line 
buffer memory permits loading up to 
132-char. codes plus forms-advance 


code; and synchronous 173-char./sec 
printing of asynchronously received 
data. Each of the CDC 9316 character sets 
is contained on a single ROM. $2350. 
Delivery 90 days ARO. Control Data 
Corp., Box O, Minneapolis, MN 55440. 
Phone(612)853-4094. Circle No. 218 


custom-pick 
WrolU/meyeliverayy 
Tamtalracevaallie 
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FiUUiCoa\cymicelan 
Grauhill 


Value engineered 
to compete in price 
and out-perform 
open wafers 


@ 10 or 12 positions, 1 to 6 poles, 
up to 12 decks. 


@ Options include concentric shaft, 
adjustable stop, PC terminals 
all out one side, and ¥%” or %” 
shafts 


@ ideal for instruments, medical 
electronics, avionics, mobile 
communications, and many 
more applications. 


From Grayhill’s capability at insert 
molding technology and value 
engineering emerges this miniature 
switch family that provides the 
performance benefits of enclosed 
construction at price levels 
associated with open-wafer. No 
compromise in materials —even 
gold plated contacts and diallyl 
phthalate insulation—in this 

‘best switch for the money” you’re 
likely to find anywhere. For 
information on these Series 71 
switches, consult EEM or write 

for engineering data. 


561 Hillgrove Avenue ¢ LaGrange, Illinois 60525 
(312) 354-1040 





For more information, Circle No. 57 
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CIRCUITS 


MULTIPLIER/DIVIDERS GUARANTEE 
ACCURACIES WITHOUT TRIMMING. 
Series 4205 differential-input monolithic 
devices guarantee accuracies of 1% 
(4205K, 4205S) and 2% (4205J) without 
external adjustment. Internal zener- 
regulated reference results in reduced 
sensitivity to supply voltage variations. 
All units have output rating of +10V at5 
mA and output noise of 3 mV rms (10 Hz 
to 10 MHz). $26(J), $36(K) and $48(S). 
Burr-Brown Research Corp., Interna- 
tional Airport Industrial Park, Tucson, AZ 
85706. Phone(602)294-1431. 

Circle No. 219 


SYNCHRO AMPLIFIERS HANDLE LOW- 
IMPEDANCE LOADS. The C70 3185 101 is 
a Scott ‘“T’’ buffer amplifier capable of 
driving Thevenen impedances as low as 
11. It accepts ac inputs proportional to 
the sine or cosine of an angle, and 
provides a 3-wire,400-Hz,11.8V line-to- 
line synchro stator output equivalent to 
the input angle. Over its operating temp. 
range of —55 to +105°C, output accuracy 
is within +2 minutes. Singer Co., 
Kearfott Div., 1150 McBride Ave., Little 
Falls, NJ 07424. Phone(201)256-4000. 
Circle No. 220 
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MODULAR AMPLIFIERS PROVIDE HIGH 
ISOLATION AND ACCURACY. The 1A100 
series includes the 1A101_ unity-gain 
buffer, 1A102 low-drift adjustable gain 
model and the 1A103/104 low input- 
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current adjustable-gain models. All units 
feature accuracies of +0.01%, and 
input/output isolation of 5000V. An 
additional feature of the series is a 
floating +15V supply that can power 
transducers feeding the amplifier’s 
input. Prices are $125, $155, $165 and 
$180 (1A101, 102, 103 and 104, respec- 
tively). Intronics, 57 Chapel St., Newton, 
MA 02158. Phone(617)332-7350. 

Circle No. 221 





DIGITAL DELAY MODULES REQUIRE 
NO EXTERNAL COMPONENTS. A series 
of 3 unique models is offered in 
encapsulated packages, utilizing plug-in 
type pins for printed-board mounting. 
Delays of 50, 100 and 250 nsec are 
available. Delay increase from no-load to 
max.-load condition is approx. 2 nsec for 
each type unit. Designed to be 
compatible with TTL and DTL circuits, 
the units require no additional com- 
ponents to achieve specified delays. RCL 
Electronics, Inc., 700 S. 21st St., 
Irvington, NJ 07111. Phone(201)374-3311. 


Circle No. 222 


DOPPLER RADAR MODULE SIMPLIFIES 
DETECTOR SYSTEMS. The DX-489 mo- 
dule includes an integral antenna, 
Gunn-oscillator transmitter and a Schot- 
tky-barrier diode detector. The transmit- 
ter consumes <1W, and radiates approx. 
8 mW of 10.525-GHz power. A low-gain 
antenna permits the packaging of a 
complete system capable of detecting a 
moving man at 100 ft. $47.50. Amperex 
Electronic Corp., 230 Duffy Ave., 
Hicksville, NY 11802. Phone(516)931- 
6200. Circle No. 223 


SYSTEM MODULES COMBINE HIGH 
PERFORMANCE WITH LOW PRICE. 
Deltaverta® products, based on delta- 
sigma modulation and time division, 
require only a single line to transmit all 
data, even for multichannel applications. 
Included are encoders, multiplexers, 





clocks, address generators, detectors, 
decoders and demultiplexers. Features 
include CMOS circuitry for low-power, 
multichannel operation (up to 64) and 
high accuracy (0.01%)—all at a typ. cost 
of <$100/channel. Hybrid Systems 
Corp., 87 Second Ave., Burlington, MA 
01803. Phone(617)272-1522. 


Circle No. 224 


CRYSTAL OSCILLATOR FITS CRITICAL 
APPLICATIONS. Model TK-9 is available 
in a frequency range of 4 to 15 MHz. 
Typical stability, with TTL output at 5 
MHz, is +0.5 ppm over the ambient 
temperature range of 0 to +60°C. 
Housed in a hermetically-sealed package 
1.5 in. sq, the unit has a power 


requirement of +15V dc at-20 mA. 
Box 913, 

66201. 
Circle No. 225 


Electronic Research Co., 
Shawnee Mission, KS 
Phone(913)631-6700. 









OPTO ISOLATORS FEATURE HIGH 
ISOLATION VOLTAGE. The OPI 110 
consists of an npn silicon planar 
photo-transistor coupled with a high- 
efficiency GaAs infrared emitter 
mounted in a plastic package. It features 
input to output isolation of 10 kV, and 
typical current transfer of 40% with an 
input current of 10 mA. Switching time of 
the unit is 4 psec typ. $2.90 (1000). 
Optron, Inc., 1201 Tappan Circle, 
Carrollton, TX 75006. Phone(214)242- 


6571. Circle No. 226 


TIMER IS INTENDED FOR EXTERNAL 
JUNCTION BOX MOUNTING. The SCS 
series of solid-state timers has repeat 
accuracy of +2% (typ.), a 50 msec max. 
reset time during and after time out, and 
a reliability rating of >100 million 
operations. Units come in any voltage 
values from 24 to 230V ac and 24 to 110V 
dc. Power consumption is 3W max. At 
25°C, the load rating is 1A max., 40 mA 
min. for ac and 1A for dc. Operating 
temp. range is —10 to +60°C. $9, with 
delivery 8 wks. ARO. Syracuse Electron- 
ics Corp., Box 566, Syracuse, NY 13201. 
Phone(315)488-4911. Circle No. 227 
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FULL 4-MODE ENCODER GENERATES 
ITS OWN CLOCK SIGNAL. The EA2000 is 
completely programmable, generating a 
10-bit output word for each of the 99 
keys and 4 modes. Use of a ‘‘ghost” key 
detection system allows keyboard in- 
terfacing without requiring diode isola- 
tion for each key. The unit is TTL 
compatible, and needs only +5V and 
—12V supplies. $15(100) in silicone 
package. Delivery is 6-8 wks. ARO. 
Electronic Arrays, Inc., 550 E. Middlefield 
Rd., Mt. View, CA 94043. Phone(415) 


964-4321. Circle No. 228 


TONE-PAIR DECODERS SPAN WIDE 
FREQUENCY RANGE. Each double 
frequency decoder will operate on any 
pair of preset frequencies from 20 Hz to 
100 kHz. The prefiltered units work in 
the presence of other signals and can be 
supplied with a 1-sec time delay to 
minimize the effect of spurious signals. 
These decoders function with signal 
levels as low as 0 dBm, and require either 
a 12 or 24V dc supply. Reed-relay outputs 
are rated at 10W. $150. Douglas Randall, 
6 Pawcatuck Ave., Pawcatuck, CT 02891. 
Phone(203)599-1750. Circle No. 229 





SOLID-STATE RELAY STANDS RUGGED 
INDUSTRIAL USAGE. This digital-output 
device provides the link between the 
computer and industrial power circuitry. 
It accepts the computer’s command 
output, discriminates it from spurious 
noise, and controls an integral solid- 
state relay. Control of currents up to 40A 
can be provided. It provides a selectable 
time delay, and can be locked in or out 
of the power circuitry by an independent 
enable signal. There is optical isolation 
of output from input. Towne Applied 
Technology, Inc., 228 Central Ave., 
Buffalo, NY 14206. Phone(716)891-4664. 
Circle No. 230 


ANALOG PHASE SHIFTERS SPAN WIDE 
RANGE OF FREQUENCIES. The PS-A 
series of 5% frequency band-width 
devices is available with any center 
frequency from 1 to 18 GHz. Continuous 
voltage-tuned phase shift can be 
provided from a fraction of a degree to 
360°. Typical of the line, the Model 
PS-A05 has a frequency of 10.2-10.5 GHz; 
phase shift of 0-25°; max. VSWR of 1.35 
and max. insertion loss of 1.6 dB. 
Engelmann Microwave Co., Skyline Dr., 
Montville, NJ 07045. Phone(201)334-5700. 

Circle No. 231 


ADC DESIGNED FOR HIGH-SPEED 
DATA ACQUISITION SYSTEMS. The 
12-bit Model 4133 features a 2.5 psec 
max. conversion time. Low-drift per- 
formance (+10 ppm/°C) ensures ac- 
curate linear operation over its 0 to 70°C 
temperature range. The unit has an 
internal 10V reference, with the capabil- 
ity for use as an external reference. 
Digital output is fully buffered to 
eliminate loading problems that would 
affect accuracy. $585. Teledyne Philbrick, 
Allied Dr., Dedham, MA _ 02026. 
Phone(617)329-1600. Circle No. 232 


SUPPLIES FURNISH HIGH POWER AT 
LOW COST. Single- and dual-output 
models make up a line of 100W dc power 
supplies. Units feature a low ripple of 
500 pV at full load, line and load 
regulation of 0.005% and 0.05% and full 
rating to 71°C ambient. Any output 
voltage between 3 and 30V can be 
furnished. There is no overshoot on 
either turnon or turnoff. $72 (single 
outputs), $85 (duals). Electrostatics, Inc., 
7718 Clairemont Mesa Blvd., San Diego, 
CA 92111. Phone(714)279-1414. 

Circle No. 233 


Let’s face it. After 37 years, even a Phantom II! can use a. 
lift. That's why | put a Delta Mark Ten B Capacitive Dis- 
charge Ignition on my Phantom .. . to give her a spark I'd 
pit against any 775 model car. | went to Delta because they 
aren't Johnny-come-latelys. Delta’s been making electronic 
ignition systems for over a decade. 


Whatever kind of car you drive, you can give it the same great 
Delta performance | gave mine. 


e Mark Ten B Capacitive Discharge Ignition Systems are 
| manufactured by Delta Products, Inc., a company with a 
conscience, and with a proven record of reliability both in 
product and in customer relations. 


e The Mark Ten B really does save money by eliminating 
the need for 2 out of 3 tune-ups. Figure it out for yourself, 
The first tune-up or two saved pays for the unit, the rest is 
money in your pocket. No bunk! 


e Because the Mark Ten B keeps your 
car in better tune, you actually.can 
save on expensive gasoline. 


e With a Mark Ten B, eels plugs 
Stay clean and last longer... fouling 
is virtually eliminated. 

_ For more information, Circle No. 47 







































— =e oe Ge oe eee ee ee ee ee ee ee oe om ee . 
| want to know more about Mark Ten B CDI’s. Send me complete ! 
i no-nonsense information on how they can improve the performance ! 
y of my car. | 
j 
BSS Neri gecas ge eo eye IN oe ee ee a I 
| 
| Address 
1 
Ry cay State 3 ezig : 
: : 
| 
) DELTA PRODUCTS, INC. | 
| \ P.O. Box 1147, Dept. EDN, Grand Junction, Colo. 81501 i 
| 303-242-9000 | 
. L. —=—_—_ ewe es eee eee ee Re a 
Mark Ten B, Standard Mark Ten, 
assembled ...... $64.95 ppd assembled ...... $49.95 ppd 
Mark Ten B, kit ... .$49.95 ppd Deltakit® ....... $34.95 ppd 





LITERATURE 





MONOCHIP JOURNAL features novel 
designs by the winners of Interdesign’s 
Monochip Design Contest. A unique 
linear/log multiplier is highlighted. 
Interdesign Inc., 1255 Reamwood Ave., 
Sunnyvale, CA 94086. Circle No. 234 


STABILITY/CALIBRATION CHART #1173 
gives, in nomograph form, the data 
needed to determine how often a local 
standard must be recalibrated. It uses 
oscillator drift rate (stability) as the 
determining factor. True Time Instru- 
ment Co., 429 Olive St., Santa Rosa, CA 
95401. Circle No. 235 


ELASTOMER SELECTION GUIDE pro- 
vides general descriptions and specific 
performance characteristics for 18 elas- 
tomers from natural rubber to chlorin- 
ated polyethylene. Included are chemical 
designations, ASTM-SAE designations, 
trade names and summaries of the major 
advantages and limitations of each. The 
guide also contains a quick reference 
chart of properties. The Stalwart Rubber 
Co., 160 Northfield Rd., Bedford, OH 


44146. Circle No. 236 


OSCILLATORS. An applications bulletin, 
entitled ‘‘How to Specify Crystal Oscil- 
lators,’”’ is complete with 16 illustrations 
and drawings. It covers clock oscillators, 
TCXO’s and oven-controlled devices. A 
comparison of these types is included as 
well as a discussion on their use in 
timing applications. Vectron Laborato- 
ries, Inc., 121 Water St., Norwalk, CT 


08854. Circle No. 237 


DIGITAL IC’S. An application note 
describes the use of bipolar HiNIL (high 
noise immunity logic) and 74C CMOS 
IC’s in systems that require both high 
noise immunity and high drive capabili- 
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ty. Specific design examples illustrate 
the benefits of this system combination. 
Teledyne Semiconductor, 1300 Terra 
Bella Ave., Mt. View, CA 94040. 


Circle No. 238 


VOLTAGE STANDARD. Two brochures 
describe the Model AN3100 secondary 
dc voltage standard. A technical bro- 
chure gives a product description, the 
instrument's features, the theory of 
operation and complete specs. The 6-pg. 
applications handbook covers 31 typical 
uses for the standard. Analogic Corp., 
Audubon Rd., Wakefield, MA 01880. 
Circle No. 239 


“SMART” DATA LOGGER. This 52-pg. 
brochure fully describes the Digitrend 
220 “SMART” Data Acquisition System, a 
second generation multipoint recorder. 
Options, specifications and all prices, as 
well as photographs, are presented. 
Doric Scientific Corp., 3883 Ruffin Rd., 
San Diego, CA 92123. Circle No. 240 


CHIP CAPACITORS. Data sheet P22 
characterizes a series of porcelain chip 
capacitors designed exclusively for 
microwave applications. Test results, 
and equipment used to measure 
impedance, insertion loss and rf heating, 
are detailed along with a discussion of 
quality and dissipation factors. Vi- 
tramon, Inc., Box 544, Bridgeport, CT 
06601. Circle No. 241 





“VERSAPLOT™ SOFTWARE.” A 12-pg. 
brochure describes the Universal and 
Integrated Versaplot software packages. 
It covers the power, adaptability and 
simplicity of the 2 packages. Subroutines 
are discussed in detail. Four pgs. of 
typical plot samples indicate the range of 
application, print quality and toning 
capability.. Versatec, 10100 Bubb Rd., 
Cupertino, CA 95014. Circle No. 242 











SWITCHING. A 36-pg. manual, illustrat- 
ed with technical drawings and graphs, 
details the physical principles of switch- 
ing, and discusses the capabilities and 
performance of reed switches, reed 
relays, axial travel switches, reed switch 
pushbuttons and mercury switches. The 
manual also includes app and design 
notes showing typical circuit techniques. 
Gordos Corp., 250 Glenwood Ave., 
Bloomfield, NJ 07003. Circle No. 243 


COMPUTER SECURITY is the subject of 
this 114-pg. publication, first in a 
planned series of System Review 
Manuals. It is designed to enable the 
manager to assess threats likely to affect 
an installation. Throughout, the goal is 
to provide a methodology for gathering 
data so that the reader may organize 
himself to evaluate any specific system. 
Price is $10. AFIPS Press, 210 Summit 
Ave., Montvale, NJ 07645. 

INQUIRE DIRECT. 


IC’S. A 44-pg. guide of monolithic analog 
CMOS switches and multiplexers de- 
scribes 5 multiplexer families and 6 
series of dual and quad switches. An 
applications section discusses protection 
schemes, terminology and applications 
in sample-hold amplifiers, data acquisi- 
tion systems, filters, timing circuits, 
DAC’s and ramp generators. Analog 
Devices, Inc., Box 280, Norwood, MA 
02062. Circle No. 244 


FET-INPUT OP AMPS. This 18-pg. 
document discusses the advantages of 
FET-input op amps over bipolar-driven 
ones. Also covered are techniques for 
op-amp offset nulling, input and offset 
current conditions and common-mode 
errors. The paper-concludes with a 
design example of an op amp using a FET 
preamplifier as an input stage. Siliconix 
Inc., 2201 Laurelwood Rd., Santa Clara, 
CA 95054. Circle No. 245 
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ENVIRONMENTAL COOLING AIR (ECA) 
and distribution systems are discussed in 
this 20-pg. booklet, “Tips & Trends.”’ It 
covers general aspects of ECA design 


and selection, as well as the conditioning ~ 


medium required, equipment sizes 
available, specification of ‘‘AGREE’’ 
reliability demonstration test chambers, 
and operation techniques. Thermotron 
Corp., Kollen Park Dr., Holland, MI 


49423. Circle No. 246 


1974 AMT DESKTOP INDEX, a guide to 
design articles in 8 top electronic 
periodicals, spans the last 3-1/2 yrs. and 
features over 5000 entries in some 250 
categories. The index and a 6-mo. 
update cost $9 from AMT Desktop Index, 
Box 11275, Kansas City, KS 66111. 

INQUIRE DIRECT. 


TEST CHAMBERS. An explanation of 
current regulations affecting the design 
and construction of chambers for 
hazardous applications is contained in 
Bulletin. 746. Discussed against this 
background are the company’s cham- 
bers designed to meet the recommenda- 
tions of these regulatory codes. Blue M 
Engineering, 138th and Chatham Sts., 
Blue Island, IL 60406. Circle No. 247 


PERIPHERALS. This brochure presents a 
comprehensive run-down on a complete 
line of OEM products. Among the 13 
products are input/output typewriters, 
alphanumeric strip printers, digital 
printers, tape punches, tape readers and 
cassette units. A concise description and 
photograph are included for each 
product. Facit-Addo, Inc., 501 Winsor 
Dr., Secaucus,NJ 07094 Circle No. 248 


SOLDER. Complete technical data on a 
paste solder, Rheomet®, developed for 
production assembly uses is included in 


a 4-pg. folder. Its mild, noncorrosive flux 
contains no halides. This new solder is 
designed for the manufacture of 
microcircuit hybrids, resistor networks 
and related products. Kester Solder Div., 
4201 Wrightwood Ave., Chicago, IL 
60639. Circle No. 249 


JFET NOISE. Audio freq. noise in JFET’s is 
identified and characterized in_ this 
application note. Emphasis is placed on 
base device characteristics and operating 
point requirements. Siliconix, 2201 
Laurelwood Rd., Santa Clara, CA 95054. 

Circle No. 250 


THICK-FILM RESISTORS. The perform- 
ance of 850-series resistor pastes on 96% 
alumina substrates from different sup- 
pliers is presented in Bulletin R-850-11. 
Materials giving 1, 10 and 100 k{)/sq were 
processed on substrates from 5 different 
suppliers and the results evaluated. 
Thick Film Systems, Inc., 324 Palm Ave., 
SantaBarbara,CA93101.Circle No. 251 


OPTICAL CHAR. READERS. A 6-pg. 
brochure titled ‘““OCR System for 
Outgoing Communication’”’ contains 
sections that cover present system, OCR 
system, OCR system characteristics and 
financial justification. Photograph and 
diagrams show system applications, 
system components, controls and opera- 
tional advantages. Datatype Corp., 1050 
N.W. 163rd Dr., Miami, FL 33169. . 
Circle No. 252 


APFLICATION BUIDE 
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DIGITAL PRINTERS. Application Guide 
No. 7226 gives electrical and mechanical 
data required to apply high-speed digital 
printers. Included are field-tested circuit 
diagrams for operation of stepping 
motors and print solenoids. The guide 
also contains installation and blow-apart 
drawings. Datadyne Corp., Box 247, King 


of Prussia, PA 19406. Circle No. 253 





CLEAN-ROOM CATALOG lists the vari- 
ous. classifications for  micro- 
contamination-control clean rooms. It 
gives specific detail as to how such 
classifications are reached and why they 
are necessary. Besides standard-sized 
rooms or portable units, the catalog 
describes special custom-built units that 
can be made to meet specific or unique 
needs. Biocology Systems, Inc., 19 
Daniel St., Fairfield, NJ 07006. 


Circle No. 254 


FLAT RIBBON CABLE. A series of 6 ‘‘HOw 
To” data sheets gives complete instruc- 
tions on cutting, separating and strip- 
ping round-conductor ribbon cable for 
termination to pc boards, connectors 
and other circuitry components. In- 
cluded are instructions for terminating 
bonded and laminated cable, bonded 
twisted pairs, laminated ‘’3C’’ twisted 
pairs and ‘‘Double-Twist’’ laminated 
twisted pairs. Spectra-Strip Corp., 7100 
Lampson Ave., Garden Grove, CA 92641. 

Circle No. 255 


wP REFERENCE MANUALS. Two refer- 
ence manuals for designers of micro- 
computer control. and processing sys- 
tems are available from Intel Corp. The 
books cover the design concepts, theory 
of operation, capabilities and applica- 
tions of Intel’s Intellec 4 and Intellec 8 
microcomputer development systems. 
Available for $5 each. Intel Corp., 3065 
Bowers Ave., Santa Clara, CA 95051. 
INQUIRE DIRECT. 


SOILAGE REMOVAL. With just a flick of 
your wrist, this slide-rule reference 
calculator matches up the material or 
component used with the type of soilage 
involved. It immediately indicates the 
types of cleaning solutions and equip- 
ment recommended to solve your 
problem. $2. Branson Cleaning Equip- 
ment Co:, Parrott Dr., Shelton, CT 06484. 

INQUIRE DIRECT. 
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Power supply 
buyers—beware 


Gentlemen: 

| read the article touting the 
merits of foldback current- 
limiting for series voltage regu- 
lators (EDN, August 20, 1974) 
with great interest. Unfortunate- 
ly, the drawbacks of the scheme 


were glossed over and one of 


the most important ones not 
mentioned. The particular one 
that | refer to involves the actual 
load characteristic that the 
supply will see in operation. 

As the graph shows, when a 
load looks predominantly like a 
current source, the load line can 
intersect the foldback character- 
istic at a point where it will 
prevent a regulator from coming 
up to proper voltage level, even 
though an overload is not 
present. Fortunately, most 
solid-state circuitry have V-l 
power load lines that do not 
intersect with the characteristics 
of a simple foldback current- 
limiting design described by Mr. 
Haver in his article. However, 
the possibility cannot be _ ig- 
nored, and the regulator with 
foldback current-limiting must 
be designed with knowledge of 
the load. Buyers of power 


| LIMITING 
+ CHARACTERISTICS 


Ais phetk CE 
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sources with this scheme of 
current-limiting should assure 
that their users systems’ load 
lines do not result in a multiple 
intersection with that of the 
sources’ V-I characteristics. 


Sincerely, 

Fd Bloom 

Intelcom Rad Tech 
San Diego, CA 92138 


One-up-personship??? 


Our July 5, 1974 article, ‘‘Get the 
most from your 4-function 
calculator’ has generated lots of 
positive mail. One item has 
received more than its share of 
attention, the approximation of 
epsilon, especially after we 
published a letter in the August 
20 Signals and Noise. There Mr. 
Zahalka suggests using 193/71 
since it uses fewer keystrokes. 

The author, Henry Morris, 
replies, “Accuracy considerably 
greater than his can be obtained 
by 878/323...It is nice to elimi- 
nate keystrokes whenever pos- 
sible. My original answer of 
2.7181818 is closest, in ap- 
pearance, to 2.7182818, and was 
selected for that reason alone.” 

We'd like to thank both 
Robert Bagby of The Riley 
Company for his suggestion of a 
more rememberable number 
302/111.1 or more accurate but 


less rememberable approxima- 


tions of 33/12.14 or 25/9.197, and 
E. J. Pierce of Western Electric 
who suggests 2721/1001. 

However, the following letter 
should put the entire situation to 
rest.—Ed. 


Touche’ 


Dear Sir: 
Here is some one-upmanship 
(or maybe one-up-personship) 
for you. 

The 5 July 1974 edition of EDN 
had an article entitled ‘‘Get the 
most from your 4-function 


calculator.” The approximation 
for epsilon given yields an error 
in the fifth significant digit. 

Mr. L. B. Zahalka of GTE 
Satellite Corporation suggests in 
his letter to S & N published in 
20 August 1974 the use of the 
approximation digit. If a person 
has only a five-digit machine, 
Mr. Zahalka’s approximation 
gives the correct round-off for 
five significant figures. But it is in 
error for machines with greater 
than five digits. 

| suggest writing the value of 
epsilon on a label and paste it on 
the calculator. Other constants 
can be written on the same label 
as well. e = 2.71828 18284 59045. 
Round off to match the number 
of significant digits on the 
calculator used. The value for a 
5-digit calculator is 2.7183. It 
should be noted that it takes just 
as many keystrokes to enter this 
number as it does to enter 
193/71. But how can one subtract 
epsilon from the displayed 
results in the calculator? 


Very truly yours, 


Wm. A. Augros 

FMC Corporation 
Engineered Systems Division 
Santa Clara, CA 95052 


Copyright 1973 H. E. STANSBURY 
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The 
whole truth 


about 
ACTIVE FILTERS 


A reprint of EDN’s series 
on active filters by Phil 
Geffe may not really be the 
last word on the subject— 
but it does contain a 
bonus—Part VI - ‘Elliptical 
Filters.” 

This series has received 
such excellent reader re- 
sponse that we have 
bound together the com- 
plete text, easy to file, 
ready for instant refer- 
ence. Order your copy 
now. Check or money 
order must accompany 
order. 


44 pages $3.50 postpaid 


(cut along dotted line) 





DOMESTIC SALES OFFICES TEMP-R-TAPE: 


Hugh R. Roome 

Vice President and Group Publisher 
Terry McDermott 

Marketing Manager 

221 Columbus Ave. 

Boston, Mass. 02116 

(617) 536-7780 


NEW YORK CITY 10017 

Bill Segallis, District Manager 
205 E. 42nd St. 

(212) 949-4423 


BOSTON 02116 

Richard Parker, District Manager 
Hal Short, District Manager 

221 Columbus Ave. 

(617) 536-7780 


PHILADELPHIA 19103 

Steve Farkas, District Manager 
Penn Towers 

1819 John F. Kennedy Blvd. 
(215) 569-2424 


CHICAGO 

Frank Sibley, District Manager 
Edward G. Kebler, District Manager 
15 Spinning Wheel Rd. 

Hinsdale, II]. 60521 


prog ee a ee ct 1 (312) 654-2390 


[S|D)IN] 


Active Filter Series 
221 Columbus Ave. 
Boston, MA 02116 


) | 
| 
| 
| | 
| | 
| | 
| Please send me | 
copies of Designers’ Guide | 
| to Active Filters @$3.50 | 
| each. Payment enclosed. 
| Make checks payable to | 
EDN. 
| | 
| | 
| 
| 
| 
| 
| 
| 


Quantity 0-9 $3.50 
Rates 10-99 $2.95 
100 up $2.75 
| Name 
| Company 
| Address 
| City 
| State/ZIP 


| MA residents add 3% Sales Tax 


CLEVELAND 44115 

Frank Hund, District Manager 
1621 Euclid Avenue 

(216) 696-1800 


DENVER 80206 

John Huff, Regional Manager 
270 St. Paul St. 

(303) 388-4511 


SAN FRANCISCO 94103 

Pat Wiesner, Northwestern Manager 
Jerry P. Burns, District Manager 
Pruneyard Towers 

1901 So. Bascom 

Campbell, California 95008 

(408) 377-6777 


LOS ANGELES 90036 

Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 

(213) 933-9525 


TOKYO 106 JAPAN 
Mr. Chihiro Nagahama, 
Managing Director 

| TRADE MEDIA—IBPA (Japan) 
R. 516, Roppongi Uni House. 
4-3-11, Roppongi, Minato-ku 
(03) 585-9571 Telex: J28208 


GREAT ELECTRICAL 
PROPERTIES 


PLUS 


MOST ANYTHING 
ELSE YOU MIGHT 
WANT IN A TAPE. 


Like high tensile or tear 
strength; excellent abrasion, 


thermal, and chemical 


resistance; exceptional 
dimensional stability; 
excellent conformability; and 
a low-friction, easy-release 
surface. Because 
Temp-R-Tape® is a complete 
tape ‘‘family’’ available in a 
variety of materials like 
polyester, polyester/rope 
paper laminate, Teflon*, 
Kapton*, and fiberglass. 
Supplied with thermosetting, 
silicone, or acrylic pressure- 
sensitive adhesive. 


Find your CHR distributor in 
the Yellow Pages under 
‘‘Tapes, Industrial’ or in 
industrial directories. Or 

write for details and sample. 
The Connecticut Hard Rubber 
Company, New Haven, 
Connecticut 06509. 


*T.M. of DuPont 


an ARMCO company 








For more information, Circle No. 48 
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FAST PORTABLE INSPECTION. 
INEXPENSIVE - READS TO .OOO5" 


Are you looking for a faster, 
more accurate way of meas- 
uring art work, camera neg- 
atives and positives, micro- 
electronic circuitry or areial 
photographs? Accurate meas- 
urements can be made un- 
believably fast by placing a 
SUPER GAGE containing a 
transparent glass scale grad- 


uated in .001” directly over 
the work to be measured. 
Bausch & Lomb 40X micro- 
scopes display crisp images 
assuring accurate readings to 
.0005” (Available in metric 
read-out to .02mm). 


We guarantee results. Send 
for Catalog No. 38-21. 


MICRO-LINE 
pivision of BAUSCH & LOMB @) 


JAMESTOWN, N.Y. 14701 716/488-1958 


For more information, Circle No. 52 





PHILIPS 


Its a beaut 


Re 


y alright oe 


in more ways than one! 


e True dual-beam display Synchronous triggering eliminates 
phase error; no chopping or switching of waveforms; full 
screen brightness on both traces. 


2mV/cm at 10 MHz bandw 
lab, field or bench. 


idth Meets all requirements for 


¢ Fully automatic triggering Complete mode selection including 


TV line/frame. 


cycle pulses. 


10KV brilliant display Excellent visibility, even for low duty 


¢ 8 x 10 cm rectangular screen Maximum resolution from full 


coverage of CRT with both 


beams 


¢ Compact, lightweight and portable Only 21 Ibs. Less than 
20''deep x 13”’ wide x 7 1/2” high. Snap on its front panel 
cover (supplied) .. and that’s your protective carrying case. 

« PM3232...$ 875. PM3233 with 80 nsec delay line... $ 925. 


* SPECIAL APPLICATIONS 


INFORMATION ‘ HOT LINE’ 


DIAL TOLL FREE NUMBER (800) 645-3043 New York 
State, call collect (516) 921-8880 


Philips Test & desing upon oh Instruments, inc. 


A NORTH AMERICAN PHILIPS COMPANY 


For more information Circle No. 12 
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8 switching functions, 


‘The AMP Dual-DIP relay. Function- 
for-function, the most economical, 
DIP-size, IC-controllable relay on 
the market today. 

Its 16-lead, pluggable package 
contains two independent DPDT 
electromechanical relays. Providin 
a total of eight switching functions, 
with maximum operating time of 
only 5 ms. and maximum release 
time of just 4 ms. 

Low-resistance, gold-plated 
contacts are perfect for “dry circuit” 
as well as general use. 

AMP Dual-DIP relays can be 


and runs all day on milliwatts? 


soldered directly to pe boards. Or 
“plugged” in with a variety of AMP | 
standard or low-profile DIP headers 
or standard or miniature spring-type 
receptacles...some posted, for 
automatic wiring. 

If you have a low-level switching 
application—and limited board 
space—the AMP Dual-DIP relay is 
your logical choice. Function-for- 
function. 

For more information, write for 
relay data sheet: AMP Incorporated, 
Harrisburg, Pa. 17105. 





INCORPORATED 


AMP is a trademark of AMP Incorporated. 


For more information, Circle No. 2 
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